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PREFACE 
much +i~e nn~ study bPS b~~n given to the mtbject of shock. 
l:,"'r:y treor:i.~fl heve lJeen evolved, many volumes written, count-
less hourr: h"ve been s·.,ent in e:cnerime:Jtal c:md clinicPl 
stud.y, e,nd Iflen~r forms of treatment ha7e been use!J. in an 
effort to overcowe this one great cause of mortality. 
Harkin3( 32 ) h2.s written: "It (s'b.ock) is the mn~or C8}1Se 
of deat'h in s.ll t:rnes of injuries r:nd is 'l.t Dr~~ent n limit-
ing factor in the O'Jer"bility of ma.ny coY1.rlitions." 
In t~e drcm" of war, shock nlnys 'l mrjor role. 
A ref1.liz8tion of its seriousnesf" in the first Y!orld y;gr 
prompt~d the Medic8J. Rese:?.rch Council of Gre8.t Bri tR,in to 
annoint ::1. shock committee to make ."n 9X!'.2'.1stive st'J.dy of 
the :nroblem. Tn eir renorts hc,ve been nu.bli ~hed r:nd their 
findings stRnd EJ.s one of the B8rly ste~s to'.var!J.s c:m under-
standing of the n?.ture of shock. Cannon's outstc;mdinz and 
freo_uentl~r (luoted monograph, "Traum2.. tic Shock" ( 15 ) , ·\'ias in 
nart s result of these studies. 
The coming of ·world ~'Cl.r II b2.8 rsi V8n :1dded impetus 
to this stuo.y. Last year the Eedic'll Reseprcr Conncil, in 
conjunction with t~1e Army MedicPl Servi8e of Gr8at Bri tr.in, 
pr9perer'l ,... short but exc ellFmt Do.nuR 1 on the +.ree-!:)mFmt of 
woun0_ shoc1~ (55). It is renorted th.,t the r:-ationo.l Resenrch 
Council of this cour:.try bas likewise been nrena.rinc; a bul-
1etin on shock '-"hich is, gs yet, unnubli Rhed. 
i 
or:. the various :;:!:"lo.ses of shock. The curr~nt me0 ic~J. jour-
nf'lls cont"'in a wealth of ID"'.teriCLl on this ::mbject--reports 
of new experimental v.·ork, RS well PS records of 0ctual 
casualties in the Dresent crisis. 
A det::oil:.ed consj.dera.tior of t'he subject of s~ock 
( 6 ) ( 15) 
may be found in the monoE:raphs of Blalock , C.9.rmon , 
Eoon (S6 ), :J.nd Scudder( 69 ). A comr,rel1ensj_ve study of the 
recent C'.dv"'.nc es in the field of trcnJ.mE'.tic shock is mC1.de in 
( 3° "3 3b ) a series of threR review articles by Harkins ~, ~ ' r • 
Tll.e general subject of shock covers f'l.r too v2.st 
a field to be covered in !1 single !J.q;::er. For tl1is re~son, 
three main prases of the ·9roblem he.ve been chosen for dis-
cus sion, namely : the rnechcmism, erJrly diP.:_::noR is, and ther2.Dy 
of shock. The purnose of this nP..per is to review the factors 
the.t a,re esser:.tial for the successful 'lrevention or tre~t-
ment of shock. Tr1 is C'irn may best be 8Ccom:)lishec3. throur.·1;_ 
con understanding of both the com"Jlicated i~nterpla" of fe.ctors 
which proO.uce ·oeri iihere.l circulamory failure, and knov1ledge 
of the eerliest recognizable clinic9.1 signs of imp~nding 
shock. Emphasis hr1.s ·;,een ple.ced on the r1=1tionaJe of the 
va.rious +,herc::.Do.utic mee'iu::~es as e.p·olied to the rrechc:mtsm 
of shock. 
ii 
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1. 
I N T R 0 D U C T I 0 N 
Definition and features of shock: 
The term "shock" is both ambiguous and inadequate 
in that it is used to designate such a variety of com-
pletely different conditions. Many of the attempts to 
formulate a definition and to clarify the subject have led, 
(15) 
rather, to pure confusion. Cannon states that defini-
tion is not a prime requisite in such a complex as shock. 
He adds that: 
"The general employment of the word •shock' in an 
unrelated variety of meanings, as for example, 
emotional shock, shell shock, concussion shock, 
besides traumatic, surgical or toxic shock, points 
likewise to the need of a new designation." 
cannon did, however, suggest that the word "Ex-
emia '1 be substituted •••• a term employed by Hippocrates 
which signifies 11 drained of blood". 
(56) 
Moon points out that, physiologically, shock 
has been confused with cardiac and vasomotor deficiencies, 
with neurologic disturbances, with fat embolism, with dys-
function of the sympatho-adrenal system, with hemorrhage--
in fact, with all conditions in which low blood pressure 
is combined with circulatory deficiency. He adds that too 
often the attempts to define shock have resulted in a 
statement of clinical manifestations common to all types 
of circulatory failure. 
2. 
It has been suggested that the difficulty in 
definition be overcome by abandoning the attempt at def-
inition, providing instead a clinical picture of the syn-
drome. Such a description would be that of' uncompensated 
or late shock, as opposed to compensated shock. In this 
latter instance, although there may be marked reduction 
of blood volume, the usual clinical signs of shock are not 
present. 
With the above conflicting opinions in mind the 
author finds it advisable to include here both a defini-
tion and a description of the clinical features of shock. 
A host of definitions has been suggested, each one being 
some worker's attempt to illustrate his own particular 
conception of the shock syndrome. A concise list of such 
definitions may be found in the first section of Harkins' 
{32) 
review • 
Granting that no definition is entirely adequate, 
the author presents a definition suggested by Wiggers in a 
{81) 
recent review of the shock problem 
"Shock .!,! a syndrome resulting from depression of 
mffy func~ions, but rn-which reauction of the 
e active circulating-volume and blood pressure 
are of basic importance, and ru-wb!ch impairment 
of tne c~rculation steadiij'progresses until it 
eveniUates in a state of irreversible circula!Ory 
failure." - - -
Wiggers believes that such a definition recog-
nizes the involvement of systems other than the circulatory 
3. 
and acknowledges the detrimental effects that such derange-
ments have on the organism as a whole. It also stipulates 
that the neuromuscular, glandular and visceral phenomena 
may not all be secondary to circulatory changes, at the 
same time conceding that progressive failure of the circu-
lation is of basic importance from etiologic, prognostic, 
and therapeutic standpoints. 
The clinical features of this syndrome are ably 
(57) 
presented by Moon as follows: 
"Prostration is evident; the patient is profoundly 
depressed, weaY. and restless. The pulse is rapid, 
feeble and of small volume. The extremities are 
cold and the body temperature is low. The face 
is drawn, ashen or livid in color, anxious in ex-
pression and moist with cold sweat. The eyes are 
sunken and surrounded by bluish rings, producing 
the classic hippocratic facies. Thirst is inces-
sant, but attempts to relieve it are ineffective 
because of vomiting. The fluid vomited is often 
in excess of that swallowed, and it contains small 
brown flocculi. Perspiration is profuse, and 
there may be diarrhea. The respirations are shal-
low and interspersed with deep sighs. The blood 
pressure declines progressively. Urination is 
scanty or suppressed. Consciousness is retained 
until finally there is loss of' sensitivity, of 
responsiveness to stimuli and of reflexes. Un-
consciousness or coma precedes death. It should 
be noted that sometimes a marked and rapid increase 
in temperature--agonal fever--precedes death." 
To this picture there are many exceptions. In 
fact, the variations in the shock syndrome are so general 
(18) 
that Cope suggested that one might without exaggeration 
speak of "the law of dissociation of the symptoms of shock", 
indicating that the symptoms occur in varying combinations 
in different cases. 
4. 
(56, 57) 
Moon further lists the following features 
--departures from physiologic constants--as being regularly 
associated when the syndrome is fully developed: 
1. reduced total and effective blood volume 
2. reduced minute volume cardiac output and 
volume f'low of arterial blood 
3. vasoconstriction 
4. hemoconcentration 
5. lowered body temperature and basal metabolism 
6. lowered blood pressure 
7. diminished renal excretion 
a. usually an increased cardiac rate 
In advanced stages: 
9. retarded blood coagulability 
10. reduced chlorides, alkali reserve, and oxygen 
content of the blood 
11. increased potassium, non-protein nitrogen, 
and sugar content of the blood. 
It should be noted that each of these associated 
features may occur in other conditions, but their combina-
tion into the picture of circulatory deficiency completes 
the syndrome of shock. 
Primary !! secondary shock: 
( 72) 
Stead calls attention to the fact that in the 
literature there is frequently no clear-cut distinction made 
between collapse and shock. Prima!X shock or circulatory 
collapse is a sudden, short-lived insufficiency of the peri-
pheral circulation. Loss of vasomotor tone causes a peri-
pheral vasodilatation which, with the aid of gravity, results 
in pooling of the blood in the dilated circulatory bed, and 
a sudden fall in blood pressure leading to unconsciousness. 
If this condition persists, it may gradually lead to secon-
dary shock. 
5. 
Secondary shock, on the other hand, is usually 
termed just shock, and refers to a slowly progressive 
peripheral circulatory failure. It is this latter type 
of' shock with which this paper is primarily concerned, 
and use of the term shock will refer to secondary shock, 
unless notations to the contrary are made. 
6. 
M E C H A N I S M 0 F S H 0 C K 
The whole phenomenon of shock has both intrigued 
yet baffled investigators for more than a century. Few 
conditions of morbus have been subjected to more penetrating 
or more diversified scrutiny. It is not within the scope 
of this paper to include a historical review of the varied 
theories of shock which have been propounded. Such a dis-
cussion may be found in several recent reviews of the shock 
(69) (32) (5) 
problem: namely, those of Scudder , Harkins , Blalock 
(56) 
and in the monograph of Moon 
It must be admitted that final clarification of 
the problem of the mechanism of shock has not been estab-
llshed fully. It is generally accepted that a reduction of 
the effective blood volume is an essential and constant fea-
ture of shock, regardless of cause. The importance of dif-
ferentiating between initiating and sustaining factors in 
(15) (6) 
studies of shock has been stressed by Cannon , Blalock 
(32) 
Harkins , and others. The difference of opinion which 
generally exists concerns chiefly this question of what 
starts the cycle of shock. 
Initiating factors: 
The theories as to the mechanism of the production 
of shock have been presented and·discussed admirably in 
(6, pages 101-131) 
Blalock's recent book • He has included 
, 
' 
7. 
with each the clinical and experimental observations which 
have served as evidence both for and against the particular 
theory. Blalock's conclusions may be summarized briefly as 
follows: 
1. The vasoconstriction theorz is based on the assumption 
that the sympathetic nervous system, in response to 
emotional disturbances, produces prolonged vasoconstric-
tion; this in turn causes blood to stagnate in the peri-
pheral vessels and a consequent decrease in circulating 
blood volume, followed by shock. Blalock believes that 
this is usually a contributing rather than the main 
initiating factor. 
2. The toxemia theorz is based upon experiments of trauma 
to muscles, reactions of blood vessels to injury and in-
flammation, effects of tissue extracts and the implanta-
tion of tissues, alterations of potassium, and burns. 
Blalock endorses the opinion of' Cannon in that toxemia 
has not been excluded as an agent in the production of 
some types of shock. He adds, "In addition to its other 
virtues, the attractiveness of the toxemia theory is 
enhanced by the vagueness of the term 'toxemia', which 
may be used in a general way to designate the etiology 
of conditions that are not explainable otherwise." 
3. The theory of local loss of fluid at the site of injury 
is satisfactory in explaining the decline of blood 
pressure and the associated alterations seen in shock. 
a. 
Blalock concludes that it is the most important in-
itiating factor not in all, but in many instances of 
shock. 
4. The theory of nociceptive nervous stimuli is thought 
to be of only secondary importance to the local loss 
of fluid in the initiation of shock which results from 
severe trauma to an extremity. 
(57) 
Moon has recently modified the original con-
cept of "traumatic toxemia" as proposed by the British Med-
ical Research Council during the first World War. He 
points out that cytoplasmic substances of normal cells, al-
though not toxic in the sense commonly implied by that term, 
affect endothelium in a manner similar to histamine. The 
suggestion is made that the term "traumatic anoxia" be des-
ignated to better express this condition. Moon adds that, 
for the sake of accurate thinking, even this term should 
either be avoided or, if used, the absence of any truly 
toxic factor should be understood. 
(25) 
et al • 
Of interest here is the recent work of Dunphy 
As a result of shock produced in dogs by ther-
mal and mechanical trauma, it was found that the principal 
factor in initiating the reduction of the blood volume was 
a loss of fluid at the site of injury. In late traumatic 
shock, however, there was pathological evidence of gener-
alized capillary injury and loss of fluid throughout the 
9. 
viscera. This latter appeared to be a secondary rather 
than a primary phenomenon. 
Several authors have tried to differentiate be-
tween shock and hemorrhage. Among them are Moon and his 
{59, 60) 
associates who, in two recent articles have in-
eluded a fairly complete comparison of these two conditions, 
and have revealed in tabular for.m noteworthy differences 
between shock and hemorrhage. These men readily admit that 
hemorrhage when present is a highly important contributory 
factor in shock because the derangement of' fluid balance 
which accompanies shock interrupts the processes by which 
loss of ·blood is compensated. However, "A highly important 
difference between shock and the effects of hemorrhages •••• 
is that the endothelial injury and the resulting distur-
bances of circulation and of fluid balance occur as initial 
derangements causing shock, while the same disturbances 
develop only in the terminal or moribund stage after hemor-
rhages." 
(81) 
Wiggers believes that reduction in the volume 
of blood returned to the heart is the keystone of all modern 
conceptions of shock, yet he fails to find that any of the 
suggested initiating mechanisms--arteriolar dilatation or 
constriction, capillary dilatation and changes in permeabil-
ity, failure of a venopressor force--have been proven by 
existing experimental evidence. He does admit that obvious 
" ' 
10. 
loss of blood (hemorrhage) or plasma remains a clearly dem-
onstrated initiating factor in many types of shock. 
From the above discussion--which is but a smatter-
ing of the whole problem--one is forced to conclude, along 
with several other investigators, that it is becoming in-
creasingly obvious that attempts to attribute all instances 
of shock to a common initiating factor must be abandoned. 
Contributing factors: 
There are many secondary factors which operate to 
aid in the production of shock. Not only do these condi-
tions increase a person's susceptibility to shock, but once 
shock is fully established they likewise contribute to a 
downward course. Although these contributing factors are 
not the same in all instances, the more important of these, 
( 6 ) ( 5 1 15 , 3 2 , 4 6 ' 57 } 
as suggested by Blalock and others 
may be listed as follows: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Dehydration - from sweating, vomiting, diarrhea, formatiQn. 
purgation, deprivation of water, fever and exudate~ 
Exposure to cold with lowering of body temperature. 
Emotional reactions, nervous strain or stress--
. pain, fear and worry. 
Hemorrhage. 
Loss of plasma from exposed surfaces. 
Fatigue or exhaustion. 
Infection or toxemia. ,. 
Delay in amputation or debridement. 
Mechanical irritation--rough transportation. 
Food deprivation. 
Prolonged anesthesi.a. 
11. 
Sustaining factors: 
It is generally accepted today that an essential 
feature of shock, regardless of cause, is a disparity be-
tween the amount of circulating blood and the size of the 
vascular system. This can be brought about by either: 
(1) an uncompensated increase in the size of the vascular 
bed; or (2) loss of fluid from the circulation. The factors 
. (15, 56, 81) 
in this disparity, taken from various sources 
' 
are presented in the following outline: 
A. Factors which increase the volume-capacity of the vascu-
lar system: 
1. Dilatation of capillaries, with a simultaneous open-
ing of a large fraction of the total capillary 
stream bed which is normally closed and bloodless. 
2. Possible relaxation of sympathetic nerve tonus. 
3.'Direct response of capillaries to metabolic sub-
stances (from living or injured cells), and sub-
stances of external origin, giving: 
a. Increased permeability of capillary endothelium. 
b. Dilatation of capillaries. 
With this increased volume-capacity of' the capillary stream: 
1. vasomotor reactions causing contraction of systemic 
arteries (maintains blood pressure at the expense 
of the volume flow of blood). 
2. Stagnation and stasis in extensive capillary areas. 
3. Reduced total blood volume (see ''B 11 ). 
4. Hemoconcentration. 
5. Reduction of venous pressure and venous return to 
:the heart. 
6. Cardiac output is reduced, blood pressure falls, 
transportation and distribution of oxygen are cor-
respondingly reduced. 
7. A vicious cycle begins, with tissue anoxia and 
capillary atony. 
B. Factors which decrease the total blood volume: 
1. Loss of blood from hemorrhage. 
2. Loss of plasma by transudation - edema. 
3. Loss of fluid by perspiration, vomiting, diarrhea,· eta. 
4. A combination of these factors. 
12. 
The complex interplay of factors presented in the 
preceding outline are illustrated in a diagram of the vicious 
cycle of shock on page 29·A. 
(56, 57, 59) 
Moon has repeatedly stressed the fact 
that the basic mechanism of the circulatory failure in shock 
includes the reciprocal effects of two major factors--capil-
lary atony and tissue anoxia. Either of these factors will 
presently cause the development of the other. It is this 
reciprocal action _which gives the circulatory deficiency a 
self-perpetuating quality which tends toward an irreversible 
condition. 
A combination of the outlined factors results in 
the starting of a series of vicious circles, which if not 
interrupted, lead to death. Important, therefore, are the 
mechanisms of the body which compensate for these changes. 
Briefly, these are: overactivity of the sympatho-adrenal 
system with consequent peripheral vasoconstriction; mobili-
zation of blood from reservoirs in the spleen, liver, skin, 
·and possibly the lungs; possible overactivity of the adrenal· 
cortex in an effort to improve capillary tonus. 
Thus, for awhile, a period ot' compensated circu-
lation develops. Although the usual clinical signs of shock 
are not manifested, there is a heavy burden on the circula-
tion, and any added strain, such as anesthesia and a surgical 
operation, might prove fatal. As long as comp~nsation is 
13. 
adequate, the blood pressure is maintained fairly well; 
the degree of vasoconstriction which exists is apparently 
not intense enough to reduce blood flow to a damaging 
level. However, when the circulation is barely maintained 
for hours with the aid of these mechanisms, it leads quite 
gradually to the establishment of a vicious cycle, with 
the appearance of the clinical manifestations of circula-
tory deficiency, slow general asphyxiation, and eventual 
death. 
Precipitation of irreversible shoe!: 
(81) 
It is the opinion of Wiggers that while venous 
return is reduced relatively early in shock and probably 
represents the chief factor in its continuance, such a de-
crease alone does not suffice to create the irreversible 
circulatory failure characteristic of deep shock. Conse-
quently, he ventures the suggestion that some as yet uniden-
tified precipitatory mechanism or several of these in asso-
ciation is required to cause the irreversible state. He 
suggests a number of possible factors: 
1. Failure or insufficient supply of adrenal cortical 
hormone resulting in irreversible capillary dysfunc-
tion. 
2. Hyperkalemia--or reduction in intracellular potassium. 
3. Default of emergency reflex control. 
a. Local chemical agents and axon reflexes re-
sponsible for vasomotor regulation of minute 
vessels. 
b. Extrinsic reflexes from surrounding tissues 
or from special organs which exercise a de-
terminate influence on the regions in which 
they arise. 
14. 
c. Intrinsic vascular reflexes, mediated essen-
tially by the sinus and aortic nerves. 
d. Collateral reflexes which apparently exempt 
regions that require a better blood flow 
from participation in the emergency reactions. 
4. 'Vasomotor failure. 
5. Myocardial depression from prolonged hypotension. 
6. Failure of aortic adaptation. 
It suffices to say that serious circulatory failure 
is precipitated when the effective circulating volume has 
been reduced to a level at which it can no longer be compen-
sated. Irreversible changes take place and death results. 
The mechanics of death by shock, according to 
{56) 
Moon , are not different from that of death from other 
natural causes. In the former, anoxia originates rapidly 
consequent to capillary atony. In the latter, it may occur 
only as a terminal factor incident to deficiency of a vital 
organ or function. 
15. 
C L A S S I F I C A T I 0 N 0 F S H 0 C K 
In an effort to clarify this discussion of shock 
(6) 
it seems advisable to present Blalock's classification 
of shock~-or peripheral circulatory failure, as he prefers 
to call it--from a physiologic viewpoint. The author, for 
the sake of brevity, has put this classification in outline 
_form along with several modifications: 
A. Hematogenic Type 
1. Diminution in the blood volume due to: 
a. Loss of fluid from the body. 
b. Loss of fluid into the tissues. 
2. Characterized by generalized vasoconstriction. 
3. Hemoconcentration (depending on the relative loss 
of plasma and whole blood). 
4. Shock results from: 
a. Hemorrhage. 
b. Burns. 
c. Traumatic injuries. 
d. conditions leading to rapid and severe depydra-
tion. 
B. Vasogenic Type 
1. Loss of peripheral vascular tone due to: 
a. Actual injury to capillaries and blood vessels. 
2. Early fall in blood pressure. 
3. Hemoconcentration - progressive. 
4. caused by: capillary "toxins 11 (histamine-like 
substances, metabolites). 
c. Neurogenic Type - Primary shock 
1. Sudden loss of vasomotor tone. 
2. Generalized vasodilatation with fall in blood pressure. 
3. Hemoconcentration - absent. 
4. Shock results from: 
a. Direct action on nervous system - trauma, spinal 
anesthesia. 
b. Reflex - following severe blow to abdomen or 
exploration of peritoneal cavity. 
c. Psychic- simple syncope, fainting. 
16. 
There is a close interrelationship between these 
(24) 
three types of shock. As Dunphy has pointed out, pro-
longed peripheral vascular collapse due to nervous stimuli 
(neurogenic shock) may, in time, result in actual injury to 
capillaries (vasogenic shock). With widespread capillary 
injury not only is the vascular bed increased in size, but 
fluid is lost from the circulation into the viscera, thus 
bringing about an actual reduction of the blood volume 
(hematogenic shook). Conversely, if the blood volume is re-
duced by loss of fluid from circulation, as in hemorrhage, 
this leads to reduced volume flow, reduced delivery of oxy-
gen, tissue anoxia and widespread capillary injury (vaso-
genio shock). Thus neurogenic shock may lead to the vaso-
genic type. Likewise, the vasogenic form may lead to hema-
togenic shock, and vice versa. Many of the instances of 
shoe~ !! ~ in patients ~ ! combination of the above-
mentioned types. 
Attention is again called to the diagram on page 
2~. The cycle there presented is a reproduction based upon 
Blalock's classification and embodying the important features (15) (24) (56) 
found in the works of Cannon , Dunphy , Moon 
' (81) 
Wiggers , and others. 
(58) 
Moon , along with others, has judiciously 
pointed out that: ''The occurrence of shock is not limited 
to extensive trauma, surgery or burns. The same type of 
17. 
circulatory failure develops from poisoning with various 
drugs and chemicals, abdominal emergencies such as pan-
creatitis, strangulation, perforation, mesenteric throm-
bosis and peritonitis, irradiation sickness, serum disease, 
metabolic intoxications and infections of unusual severity." 
The evidence concerning these is presented in Moon's mono-
(56) (58) 
graph and summarized briefly in a recent article • 
18. 
EAR 1 Y D I A G N 0 S I S 0 F S H 0 C K 
The successful management of shock depends on its 
early recognition and on the removal of the causative con-
ditions or on obviating their effects. In no condition of 
disease is watchful waiting more disastrous than during the 
development of the clinical features described earlier in 
this paper, for they indicate that the vicious cycle of 
shock is revolving inexorably. It has been shown that be-
fore this cycle develops a period of compensated circulation 
develops. The compensatory mechanisms try to maintain an 
adequate blood pressure in spite of the loss of total blood 
volume and reduction of the blood flow. If untreated (or 
in very severe shock despite treatment) the compensation 
gradually fails, the blood pressure falls progressively, 
and the clinical signs of shock become unmistakable. Treat-
ment, if effective, must precede the development of these 
clinical manifestations. Frazier put it very succinctly 
wnen be said: "Begin the treatment of shock before its 
--=---- - -
onse.t." 
The clinical signs for early diagnosis of shock 
are discussed below. 
Hemoconcentration: 
(56) 
Moon defines hemoconcentration as a relative 
increase in the cellular elements and a corresponding 
19. 
decrease in the amount of plasma in a given volume of blood. 
When shock results from hemorrhage the blood will show di-
lution, but when the syndrome results from dilatation and b7per-
permeability of the capillaries, hemoconcentration will be 
(43) 
present. During the previous World War, Keith found 
that hemoconcentration was one of the earliest detectable 
signs of shock in wounded persons. 
The degree of hemoconcentration may be ascertained 
(58) 
by one of, or a combination of, the following methods 
1. Hematocrit reading - showing increased volume of eryth-
rocytes. Marked variations in the readings may result 
from swelling of the individual red corpuscles when no 
loss of plasma has occurred by leakage. 
2. Hemoflobin determinations - increased. These show fluc-
tuat ons by which they vary from the counts of erythro-
cytes made on the same samples of blood-such variations 
may be related to the anoxemia present in shock • 
. 3. Specific gravity determinations - increased, as cells 
have a higher specific gravity than plasma. Few physi-
cians are prepared to determine this; however, varia-
tions here do not occur in so wide a range as that of 
the erythrocytic counts. 
4. Er~hrocyte count - incre~sed. 
an the most accurate. 
(58) 
This seems the simplest 
Moon has emphasized that: "Hemoconcentration 
is the earliest detectable sign of threatened circulatory 
deficiency ~ capillary origin. It is as ominous as a de-
cline in blood pressure. But the former occurs early, during 
the period when -''Compensation is effective, while the lat-
ter indicates ibe failure of compensation and the imminence 
of death." 
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The interpretation of hemoconcentration is not 
quite as simple as Moon would lead one to believe. Certain 
(24) (54) (15) 
objections, taken from Dunphy , Meakins , Cannon 
' 
and others, should be mentioned. 
1. The normal initial level of the hematocrit would be of 
~ great value in interpreting subsequent findings, but 
obviously such observations before an injury are impos-
sible. 
2. A low hematocrit due to anemia might rise to a normal 
level as a consequence of hemoconcentration. 
3. Concealed hemorrhage may further cause difficulty in 
interpretation. 
4. Vomiting and diarrhea from extraneous reasons may add 
to its fallibility. 
5. In a well-hydrated patient plasma may be lost into an 
area of injury but hemoconcentration may be prevented 
by fluids entering the circulation from the tissue 
spaces elsewhere in the body. 
6. Red cells may be mobilized from the spleen and other 
blood banks and distort the findings. 
7. Hemoconcentration is chiefly seen in the capillary blood. 
In fact, cannon (15) claims that the difference between 
capillary and venous red counts varies roughly with the 
degree of shock--the difference being due to concentra-
tion of the blood or stagnation of corpuscles in the 
cap!llaries. 
Experience with air-raid casualties in the present 
(45) 
war gives us the following report 
"There is no glaring evidence that this (hemoconcen-
tration) is at all marked in cases not suffering from 
burns or crush injuries who are seen within 4i hours 
of wounding •••• This is not to say that hemoconcen-
tration may not be found in more advanced cases, in 
whom there is a longer period between wounding and 
observation, but it seems that the cardinal symptoms 
of shock can be present without much hemoconcentration. 
The point can be decided with certainty only by serial 
observations of hemoglobin or hematocrit or both be-
fore treatment is begun." 
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(69) 
Scudder recommends four simple physiochemical 
tests to show changes in hemoconcentration and forecast im-
pending collapse. Further, these tests are of value in re-
vealing whether the fluid administered and other means of 
combatting hemoconcentration in the treatment of shock are 
sufficient. These four essential determinations are: 
(a) the hematocrit; (b) the specific gravity of the whole 
blood; (c) the specific gravity of the plasma; (d) the level 
of plasma proteins. In his text Scudder includes a short 
laboratory manual which includes the instructions for per-
forming these tests. 
Scudder's contention is, although erythrocyte counts 
and hemoglobin determinations are used in measuring hemocon-
centration, determination of the specific gravity of periph-
eral blood is superior because of its accuracy, speed,and 
greater sensitivity. 
It seems reasonable to conclude that in certain cases 
of shock, uncomplicated by hemorrhage, the degree of hemocon-
centration may be a valuable sign. It is by no means pathog-
nomonic and should be used only in conjunction with other 
signs. A changing, particularly a rising, hematocrit is of 
great significance in the early stages of shock. 
Blood pressure: 
Blood pressure is an expression of the quantity of 
blood in the circulation and of the peripheral resistance. 
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~ If the blood volume is reduced, the blood pressure may still 
be sustained by increasing the peripheral resistance through 
vasoconstriction. With vasoconstriction, however, the nu-
trient flow to the tissues becomes reduced. In correlation 
of this data with cannon's theory of "emergency function" of 
(28) 
the sympathoadrenal system, Freeman and coworkers point 
out that by vasoconstriction the needs of the tissues, not 
essential for the immediate survival of the body as a whole, 
may be sacrificed in an emergency. •'But if the reactions to 
the crisis are too severe and protracted, then vasoconstric-
tion, the very mechanism by which the organism strives to 
survive, may lead to its destruction.u 
The unrelia~ility of the blood pressure as an indi-
cation of the seriousness of circulatory depression has been 
(64) 
repeatedly stressed. Experimentally, Roome and others 
have found this sign a very inadequate index. Clinically, (28) (18) 
both Freeman and Cope report that blood pressure find-
ings may be misleading. 
{56) 
Moon even goes so far as to claim 
that: "A marked decline in blood pressure never occurs early 
and often appears only in the terminal stage.u To him, low 
blood pressure is not a sign of the developmental stages of 
shock but of decompensation. 
(18) 
Cope objects to accepting blood pressure read-
ings as the sole criterion of shock because it is difficult 
to define what is a normal blood pressure, and in acute cases 
it is usually impossible to know what is the normal for the 
~ 
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individual patient. He claims that too much attention is paid 
to the systolic pressure, less to the diastolic, and least to 
the pulse pressure. This latter may, in some cases, be a 
much truer indication of the moribund state of the patient 
(10) 
than the good systolic pressure. Bond and Wright , on the 
other hand, stress that a low ~ blood pressure is an out-
standing symptom of secondary shock. 
{81) 
On the other hand, Wiggers believes that the ~-
~ressive fall in arterial pressure and the decrease in pulse 
pressure remain the most satisfactory general criteria during 
(7) 
the progressive stage of shock. Blalock , admitting that 
the arterial pressure is not a good guide to the condition of 
the circulation in incipient shock, believes that it is the 
best available index to the state of affairs in shock that is 
more fully developed. 
This apparent difference of opinion concerning the 
blood pressure findings is explainable partly upon the basis 
of the divergent opinions regarding the mechanism of shock. 
If the modification of Blalock's classification of shock, as 
presented earlier in this paper, is accepted, then the fol-
lowing blood pressure findings should be expected: 
1. Hematogenic shock - vasoconstriction is maintained until 
after the critical level is reached or passed; therefore, 
a normal blood pressure is expected in the early stages. 
A decline in blood pressure is of grave significance as 
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it indicates a much greater reduction in the effective 
blood volume than in the other types of shock. 
2. Vasogenic shock - vascular relaxation or generalized 
capillary injury will result in a lowered blood pressure; 
{56) 
but, as Moon has stressed, the generalized vasodila-
tation appears late and the hemoconcentration precedes 
this reduced pressure. 
3. Neurogenic shock - a decline in blood pressure at the on-
set is due to vasodilatation dependent upon diminished 
constrictor tone. Usu~ly after the pain and fear of se-
vere shock have been relieved, the compensatory mechanisms 
of the circulation restore the blood pressure to normal. 
Reports from the present war are of interest. Shep-
(71) 
herd , reporting on 245 air-raid casualties, found that the 
nature of the injuries and the state of the blood pressure 
were the best signs of the gravity of shock. Kekwick and 
(45) 
others , treating like cases, also found that in general 
the blood pressure was the most reliable measurable factor 
for assessing the severity of secondary shock--other clinical 
manifestations being variable and not quantitative. Grant 
(30) 
and Reeve , on the other hand, found that in assessing the 
need for transfusion, the severity of the injury and blood 
loss rather than the blood pressure were important. Neverthe-
less, the course of the blood pressure was found to be the 
best available indicator of response to treatment. 
25. 
All of the reports of air-raid casualties have 
stressed the severity and multiplicity of the wounds, point-
ing out that the average degree of shock so encountered far 
exceeded that seen in the casualties of civil life. Further-
more, most of these cases were seen within a relatively short 
time after injury. The author feels that many of these pa-
tients were found in primary shock--later developing true 
shock--and thus exhibited the low blood pressures that have 
been reported. Likewise, severe mortal wounds or excessive 
and sudden hemorrhage, as opposed to the less severe cases of 
the last war which slowly drifted into shock, could presum-
ably exhibit the picture of secondary shock, modified by pro-
longed and severe neurogenic feat~ry.J. 
Along this line the report of Kekwick and coworkers 
is worth noting. They found that primary shock was common 
among air-raid casualties, with the patients exhibitng pal-
lor, sweating, feeble pulse, and low blood pressure. Inter-
mediate cases between this and obvious secondary shock could 
be differentiated only by allowing a period of observation. 
Blood pressures should be taken every fifteen minutes and, 
"if at the end of an hour the blood pressure is still below 
100 mm Hg some degree of secondary shock is probable and 
transfusion should be done before an anesthetic is given. 
But if within the hour the blood pressure rises and stays 
above 100 mm Hg it may be assumed, even though a normal 
(45) 
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figure has not been completely reached, that the shock was 
mainly primary and that transfusion is not necessary for 
resuscitation •••• n 
(15) 
Of interest are some observations made by Cannon 
on the significance of low blood pressures. The critical 
level of blood pressure--the level at which the blood pres-
sure is no longer capable of maintaining an adequate volume 
flow to the tissues, and thus serving the normal oxidations 
of the body--is approximately 80 mm Hg. If there has been a 
loss of blood, the circulation becomes inadequate before the 
pressure falls to 80 mm Hg, and the critical level is raised. 
Cardiac contraction begins to weaken when the arterial pres-
sure falls below 90 mm Hg. A systolic pressure which remains 
persistently below 100 mm Hg and a diastolic below 65 mm Hg. 
is indicative of danger. 
(1) 
Adams has pointed out that a transient fall in 
blood pressure may not be of grave significance but a persia-
tent fall to a level of 70-80 mm Hg or lower is always serious 
and requires i~~ediate treatment. 
Other early signs: 
Variations in blood volume were of practical value 
in the last war in determining the state of the circulation 
(44) 
after severe wounds. Keith used a vital red dye, deter-
mined the dilution caused by the plasma, and from this 
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~ calculated the blood volume. Reduction in blood volume was T7 
a striking and important feature in wound shock. Such esti-
mations are not sufficiently simple for clinical use. It 
would appear to the author that Keith's estimations would be 
of value in normal subjects, but in cases of shock the exag-
gerated permeability of the capillaries might allow large 
protein molecules to escape, and thus make his measurements 
fallacious. 
{28) 
Freeman has shown that volume flow of the blood 
of the hand is reduced early in shock resulting from surgery, 
with a consequent greater reduction than normal of oxygen con-
tent of the venous blood. 
{56) 
Moon mentions some other clinical signs which 
may be noted during the early stages of shock. The superfi-
cial veins are empty and flaccid; the skin and subcutaneous 
tissues lose their normal tonus and become flaccid or dough~ 
in consistency. The skin becomes pale and does not bleed when 
punctured. The pulse may be normal in rate but low in volume 
--this change in quality being readily detected by an exper1-
enced clinician. All of these signs indicate a reduced vol-
ume flow of blood. and occur while the mechanisms· of compensa-
tion are still effective. 
It is generally agreed that the pulse rate is so 
variable that it can be dangerously misleading as an index 
both of failure or recovery of a patient. 
{45) 
Kekwick et al 
report that: the mental state is no index of the severity of 
X 
" 
-· 
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shock; color changes are common but in no way quantitative; 
the general temperature of all severe cases is invariably 
subnormal and the extremities are cold, but this depends on 
the atmospheric conditions, exposure during transit and ef-
ficiency of wanning; and sweating is in no way related to the 
degree of shock. · 
The current Medical Research Council (British) re-
(55) 
port on traumatic shock contains the following statement 
"Shock should be suspected in every case where injury 
has been extensive, where much blood has been lost 
and exposure very prolonged, and where the skin is 
pale and cold and the pulse over lOO •••• Indications 
that shock is developing or progressing are a rising 
pulse rate, a decrease in pulse pressure, increasing 
pallor and onset of sweating." 
(44) 
Presented here are some figures taken from Keith's 
/report of World War I. These show the relationship between 
the clinical condition of the patient and certain blood 
findings. For the sake of clarity, the author has placed 
his findings.in chart form as follows: 
Type of Clinical Systolic Blood Pulse bl. pr. case Features 
mm Hg Volume 
-
slight above over 
Compensated symptoms 90-100 95 75% 
restless, below 90 
Partially cold, thirst 120-140 usually 65-75% 
compensated vomiting 70-80 
!Uncompensated 
serious; unpalpable; below below 65% extremes of auscultate 60 commonly; above 120-160 50-60% 
Plasma 
Volume 
85-90% 
70-80%'* 
62%~·i:· 
* indicates dilution has occurred 
** indicates dilution is markedly retarded 
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It may be concluded that th'3 lcbore.tory tests 
discussed in the fore3oing -oarB.e;ra,>Jhs will, in ma-r..y C8.ses, 
be of gr8at, value in determining the onsAt of shock before 
the onset of the classicAl manifgstations. However, no one 
test should be used a.s e. cri terio'1 for develoDinr:: shock. 
In war cn.suR.l ties :=mCI other emergAnc~r work the di"'.~nosis 
of ea.rl'" shock ~-s l::ly no means easy and must r::;st u·)on the 
natloU'e D.nd 9:r:tent of the injuries, coupled with blood -ores-
sure determin~tions. 
In the words of Dunphy( 24 ): "The details of 
history, chRractAr of the illness, ~uality es well as the 
rate of the ·0ulse, g8nerR,l state of 'hydr...,tion end color 
of the skin .<mc'l mJ.cous membraYJes provide inform:'Jtton of 
great value to +.he c,.,reful observer. Emnha::11s rmst be 
nlac ed on an evaluation of the tote.l Y1ictc.1.re rc1.ther th..,,n 
t:-.e results of eny la~~ora"·.ory d:::J.ta. if one 1s to recop;nize 
j:,he earliest manifesta.tions of shock." 
29-A 
of the ~"uthpr' s conc~ntion of the Yicious cvcles of Phock. 
It is based upon the modification of :lelock'~ cl~Qsifica-
tion "'B outlir:ed on n'"'.:=e 15. of this p2per. It -;mboo.ies 
the idea:l apd suggestionR of several investi~~ators, nrinci-
- 11 th ., f "ll k( 6 ) C" (lS) 1-,1''r'Dh\r( 24 ) T•;T00ll(56 ) 01'). y 089 0 l: a 00 ' c.nnon ' -'-<-•. •·' ' L ' 
(81) 
and Yli.'!.cerff· • 
t 
~e 211thor me.kes no nreten"l-? of "'A7inc- incluned 
!111 of the nossible !'1echanisT'ls which n'a"' tsk~ nart in nro-
~ '· . ... 
ducinz shock. Obv:ious1:' such c. dio.:::,rnm Y:ould r8sul t in c:. 
VA.lueless maze of ·confucj_on. This chrrt is out 8,n Pttem-ot 
!t 
to -~mt forth in corrnofli te form th~ salient fea"c.ures ?nd 
, 
the interplay of events which may teke ·0le.c8 in the Q:vn-
drome of shock. 
1 
... , 
e; .. :; .. , 
:~'~ . • ' • > ~· 
: :: ~: . . 
.·.J. 
. ' 
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"' 
TREATMENT 0 F S H 0 C E: 
The abnormal conditions of shock may interact so 
• + .. 
as gradually·,to lessen the chances of recovery for the 
' ' ( 15) 
shocked individual. >In the words of Cannon "All these 
·-. 
deranging pr+cesses~ however, require appreciable time for 
operation. !.t is otivious that treatment of shock should be 
prompt, and h;recte4'toward preventing an interplay and a 
consequent increase/of the unfavorable conditions." 
' \ 
,; (56) 
Cr~le is ~eputed to have made the statement 
' 
•• 
"The best cu~ for ~hock is prevention." From a therapeutic 
' 
viewpoint, tle prev~ntion and the actual treatment of shock 
~:,. 
., 
are one and fbe same. The following discussion on preventa-
tive treatme~ has been·limited to general measures--measures 
~ . 
which shouldE~e imptoyed to remove or prevent all possible 
causative faJtors oi shock, at the same time reducing any 
complicatinglractor~ which might otherwise contribute to the 
~ . 
severity of ~hock t~at has already developed • 
.,. i 
"I~ the t~eatment of shock the early use of simple 
. ( 15) 
measures is 9f primary importance." 
gestions 
several 
; 
t P~ventative Measures 
~ 
Presented~ere is a brief list of preventative 
appiicable,to shock from wounds, and taken from 
• (15, ~6, 53, 55, 56) 
authiirs i. · 
~ ... : 
.. 
' 
' 
sug-
2. 
4. 
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Control of hemorrhage: accomplished more safely by ap-
plication pressure on the wound than by the use of a 
tourniquet; but if the latter must be used, it should be 
set as close to the injury as possible and removed im-
mediately when the bleeding vessels have been tied. 
Prevent undue loss of body heat: yet excess heat must 
be avoided. (See discussion on page 66.) 
Insure proper splinting: thus decreasing pain and pre-
ventin$ further damage to soft tissues by bony fragments. 
Avoid rough transportation. 
5. Immedi~te and complete suppression of trauma. (See fur-
ther r~marks on page 82.) 
6. Allay pain: morphine. (See discussion on page 59.) 
7. Admini~tration of water: persons liable to exposure to 
severe :injury should be supplied with fluids during 
periods: of duty. (See discussion on page 34.) 
8. Avoid or treat infection. 
9. Anesthesia should be administered with great care. 
T~e preventative measures associated with surgical 
operations are manifold. A thorough discussion of such mea-
sures is not within the scope of this paper. Briefly, however, 
the following outline will present the major features that 
should be CQnsidered. These suggestions are taken from the 
( 6 , 15' 20' 27' 56} 
writings of :several investigators • 
A· General ~easures (to be observed pre- and post-operatively): 
1. Transfusions if indicated. 
2. Prevent chilling, but avoid excessive application of 
heat. 
3. Insure adequate fluid intake to prevent dehydration. 
4. Prev
1
ent psychic shock - be generous with reassurances. 
B. Preoperat vel : Prepare the patient so as to secure opti-
mal resis ance and reserves: 
1. Gene~al nutrition - especially proteins. 
-0_ 2. Vitamins - especially Vitamin K and bile salts. 
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3. Avoid purgation. 
4. Inon for anemic patients 
5. Adrenal cortical extract to patients with known 
Addison's disease. 
6. Control diabetes. 
c. During~ operation: 
1. Make operations as short as possible. 
2. Anesthesia - of short duration, administered by an 
expert. 
3. careful hemostasis - prevent undue loss of blood. 
4. Avoid needless exposure of tissues. 
5. Manipulate viscera gently. 
6. Av~id traumatization of tissues (avoid sharp instru-
me~ts, use minimal clamps and hemostatic applications). 
7. Ligate vessels so as to cause a minimum of tissue 
death. 
8. Avoid unnecessary sponging of serous surfaces with 
gauze. 
9. cavities and wounds should be washed out with warm 
solutions only. 
10. In~ravenous therapy when indicated. (A patient in 
shock with a systolic blood pressure under 90 mm Hg 
should never be operated on unless a continuous 
blood transfusion is being given during the opera-
tion.) 
D. Post-operatively: 
1. Follow the patient carefully both with clinical and 
laboratory studies. 
2. Watch for edema formation. 
3. If shock is anticipated, begin treatment at once. 
4. ~revent development of complicating factors such as 
thrombosis and embolism.) 
General Treatment 
PJimary shock, being of nervous origin, should be 
dealt with symptomatically. The supportive measures to be 
used include rest, quiet, warmth, stimulants, recumbent posi-
tion and, if the blood pressure remains below the · crix1cal 
level, measures to increase the blood volume. Every precau-
, 
tion should be taken to avoid the development of secondary 
shock. 
33 • 
. In secondary shock, regardless of its cause, res-
toration of the circulating blood volume is the essential aim 
of the treatment. Again it is stressed that the disparity in 
blood vol~e relative to vascular capacity must be rectified 
before irreversable damage takes place in the body. The vi-
cious cycle, with its contributing factors, described earlier 
in this paper, requires time for development. However, the 
more profo~nd the shock the more urgent is the necessity for 
a speedy reversal of this mechanism before irreparable damage 
occurs. 
Fluid restoration: 
This is by far the most important form of therapy 
known to prevent or to treat shock, but early replacement is 
necessary. Theoretically, the type of fluid used in reinte-
gration should be the same as the lost fluid. Three broad 
groups have been recognized in relation to the shock problem: 
1. Dehydration shock - which requires water and salt. 
2. Shock from hemorrhage - in which blood is needed. 
3. Shock due to loss of plasma - in which plasma is 
required. 
Clinically, however, shock is seldom found in one 
of the pure forms just listed. Hemorrhage may be complicated 
by local loss of plasma at the site of trauma, or by dehydra-
·tion due to exposure. Loss of plasma may occur in the viscera 
or may be lost into the surrounding tissues at the site of 
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injury along with red cells. A discussion of the various forms 
of fluid replacement, with brief notes as to the advantages or 
disadvantages of each, is here presented. 
Water: 
The administration of water has already been men-
tioned in the preventive treatment of shock. The current Med-
{55) 
ical Research Council (British) report urges that water 
be administered freely and repeatedly to all wounded except 
those who are unconscious or who have abdominal wounds. Fluid 
lost by perspiration, vomiting, diarrhea, etc., comes from the 
blood indirectly, and thus contributes to its diminished vol-
ume and increased concentration. Although dehydration in it-
self is an uncommon cause of shock {with the notable exception 
of cholera), it may seriously contribute to the development of 
shock from other causes. 
As the loss of water by the body is accompanied by 
loss of salts--especially sodium chloride--all drinks should 
contain half a teaspoon of salt to the pint. If necessary, 
the rectal route may be used to supplement oral administra-
tion. The dangers of intravenous saline will be discussed 
shortly. This latter route should be used only when oral and 
rectal administration are inadequate, and even then should be 
preceded by a transfusion of whole blood or plasma. 
It should be understood that the oral administra-
tion of fluid has little effect on restoring the loss of 
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~ plasma proteins per !!' but may aid by preventing the added 
burden of dehydration upon an already weakened circulation. 
" 
-. . 
Whole blood: 
For many years now, whole blood transfusions have 
been considered the treatment of choice in shock resulting 
from, or severely complicated by, hemorrhage. In 1939 Brodin (13) 
and Saint Girons expressed the opinion that the danger of 
hemorrhage lies less in the loss of erythrocytes than in the 
loss of the volume of blood. When this latter is reduced to 
one-fourth, death is inevitable. On the other hand, Blalock 
(8) 
and Mason point out that reduction in the number of red 
cells to one million per cubic mm or less is easily sufficient 
to maintain life providing the total circulating fluid volume 
is essentially normal. Thus it would appear that plasma is 
preferable in the treatment of simple hemorrhage. 
The disadvantages in the use of whole blood include: 
1. The interval of time necessary to make the blood available 
f'or transfusion. 
2. The undesirable addition of red cells to blood that is 
already concentrated--as in cases of' hemorrhage associated 
with trauma. 
3. Preserved whole blood has a limited life of from two to 
three weeks. 
4. The danger of transfusion reactions from preserved blood 
which has become hemolyzed as a consequence of prolonged 
storage; in fact, it has been reported (lj) that stored 
blood may become so toxic as to cause fatal hemolysis 
after a period of time. 
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In contrast, ther~ are definite indications for 
whole blood in the treatment of hemorrhagic shock in cases 
with associated anemia or lung disease. 
In an investigation of the blood changes in hemor-
(12) 
rhage, Brennan found that the individual red blood cor-
puscles increased 30-50% or more in size. This was explained 
on the basis that tissue fluid passes into the circulation 
and dilutes the blood plasma. As this tissue fluid has a 
lower osmotic pressure than the plasma, and thus the red cor-
puscles, there is a consequent diffusion of fluid into the 
red blood cells, which, in turn, increase in size. Also, 
about 20% of the red cells were found missing and believed to 
be sidetracked within the muscle capillaries. 
Due to lowered blood pressure and the mechanic.al 
effect of the swollen corpuscles, the blood stream through 
the capillaries is first slowed, and finally stops. Brennan 
found that transfusions of plasma (not whole blood) caused a 
rise in red cell count. This was explained by the fact that 
since the osmotic pressure of the patient's plasma is raised 
by the transfusion, the fluid now passed out of the red cells 
again and their mean corpuscular volume was reduced. Thus we 
have an autotransfusion, with return to the circulation of 
the patient's own missing corpuscles. F'urther, the smaller 
cells allow a greater oxygen capacity of the blood. It was 
suggested that plasma transfusions become a routine measure 
in the treatment of severe hemorrhage. 
(26) 
Edwards et al 
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claim that it is rare for a pa-
tient to lose more than three pints of blood, as the fall of 
blood pressure in such cases is so great that the hemorrhage 
ceases. ;l'his leaves hi.m with 75% of his erythrocytes in some 
part of the circulatior... Provided that the necessary amount 
of fluid can be introduced into the circulation--and made to 
stay in--his remaining red cells should be entirely adequate 
to maintain life. 
It cannot be denied, however, that transfusions of 
fresh whole blood are an invaluable therapeutic measure in 
uncomplicated shock due to severe hemorrhage, as plasma pro-
teins, blood volume, and cells are restored together. 
The most comm1>n sources of blood are professional 
or nonprofessional donor•s, who have received a physical exam-
ination and whose blood has been checked for hemoglobin level, 
cell count, flocculation and grouping. In this country pla-
cental blood is sometimEjS used for transfusion. In Russia, 
cadaver blood has been used quite extensively. 
{20) 
According to Cressman and Blalock , when large 
amounts of free blood ar-e found at operation; autotransfusion 
may be used when no blood donor is available. Where there is 
any chance of contamination or where hemolysis may have oc-
curred due to the presence of blood in the body cavities for 
some time,this procedure is obviously contraindicated. 
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Plasma and serum: 
The importance of restoration of blood volume in 
secondary shock cannot be overstressed. In the words of the 
(55) 
Medical Research Council (British) report it is empha-
sized that: "It is~ generally accepted that the most im-
portant single requirement ~ arresting the progressive de-
terioration in §eneral condition,which is~! feature of 
!hock, is restoration of blood volume and thereby of tissue 
metabolism." 
Claims for the usefulness and effectiveness of 
plasma and serum in the treatment of shock have been many. 
Presented below is a general composite of the advantageous 
properties claimed for plasma or serum by various investiga-
(9, 48, 74, 75 
tors 
A. Physiologically: 
1. It does not leave the circulation as do crystalloids, 
thus beneficial effects are more permanent. 
2. It has a high osmotic pressure. 
3. Its use is safe and relatively free of reactions. 
4. Thus, it can be used in large and repeated doses. 
5. Pooling practically suppresses the isoagglutinins 
and does away With the preliminaries of typing and 
cross matching. 
6. It does not add to the concentration of erythro-
cytes. 
7. It is effective in the rapid restoration of adequate 
blood circulation--even in severe cases. 
B. From the practical point of view: 
1. It can be readily obtained, prepared and tested. 
2. It can, with certain modifications, be stored for 
long periods of time without deterioration. 
3. It is ready for immediate use. 
4. It is simple to administer. 
5. It can be readily transported 
6. Volume for volume, plasma supplies approximately 
twice as much osmotically active protein as does 
whole blood. 
.. 
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There is a somewhat divided opinion as to the choice 
of plasma or serum. FUndamentally, their difference is not 
important from the therapeutic viewpoint. 
serum are 
The claimed advantages of citrated plasma over 
(8' 75) 
• . 
1. The greater yield of the fluid portion when citrated plasma 
is separated by centrifugation. (According to Kendrick (46), 
500 cc .of blood yield approximately 260 cc of plasma and 
only 160 cc of serum.) 
2. Plasma is free from reactions, while serum given intraven-
ously may cause unfavorable reactions. This is claimed 
to be due to changes that take place in the process of 
clotting. 
vantages 
On the other band, plasma has certain minor disad-
(4' 16) 
. 
• 
1. Veils of fibrin may form in the fluid, but these may be 
readily removed by filtration prior to administration. 
2. Separation of the plasma from the cells involves a good 
deal of manipulation with considerable chance for contami-
.nation. 
3. There is the slight possibility that plasma might clot 
through being shaken during rough transport. 
(8) 
Blalock and Mason suggest that the extensive use 
of plasma is due at least partially to the fact that unclotted 
blood in blood banks may be converted into plasma after its 
age makes inadvisable its use as whole blood. 
Although the evidence is far from unanimous, it ap-
pears that the majority of workers prefer the use of plasma 
and have, in general, noted considerably fewer reactions than 
those using serum. 
40. 
(75) 
Plasma may be preserved in a variety of ways 
1. In the liquid form it can be kept at room temperature for 
a number of days by the addition of a preservative. 
0 . 2. In the liquid form at 4 C it is good for months. 
3. In the frozen state preservation is possible for even 
longer periods. 
4. Reduced to a dry powder by desiccation it can be kept for 
an indefinite period of time. 
(73) 
In a recent review, Strumia and McGraw have 
pointed out that the manner of preservation greatly influences 
the survival of specific elements of the plasma. But, inas-
much as in treating shock the primary aim is restoration of 
blood volume, preservation of the more labile components such 
as prothrombin, complement, etc., is of only secondary impor-
tance. 
In general it may be said that the dosage of plasma 
must be sufficiently large to relieve entirely, if possible, 
the symptoms of shock. The size of the patient and the sev-
erity of the circulatory deficiency are the factors which de-
termine the dosage. Of special interest are the reports from 
Britain regarding the use of plasma in the treatment of shock 
(primarily air-raid casualties) in the present war. These 
reports have been most encouraging and in themselves have es-
tablished the value of plasma therapy. These are first-hand 
reports that are not only of interest but of vital import to 
us. For this reason the author has collected pertinent mate-
(30, 45, 71) 
rial from several of these recent accounts and 
presents them here in a more unified form: 
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" A. Early transfusions should be given at the rate of 
one pint (540 cc) of plasma every fifteen minutes or half 
hour. In very seriously wounded cases as much as two pints 
can be given rapidly (in 20 minutes to one-half hour). 
B. Later transfusions should be given at the rate of 
one pint over one or more hours, up to a total of six pints. 
With a blood pressure around 100 mm Hg a continued drip of 
plasma is suggested at the rate of one pint in 3 to 4 hours. 
With large transfusions, one pint in three may, with advan-
tage, be whole blood. 
c. As a rough rule a rise of 10 to 20 mm Hg in blood 
pressure can be anticipated for every pint transfused, pro-
vided that bleeding has stopped and no other causes of cir-
culatory failure are operating. In fact, the blood pressure 
was found to be the best guide to the success of the transfu-
sions. In the absence of continued bleeding, failure of the 
blood pressure to rise after giving 2 to 6 pints of plasma 
or blood indicated that it was unlikely that the patient would 
recover. 
D. The adequacy of transfusion was indicated by resto-
ration and maintenance of the blood pressure above 100 mm Hg. 
(61) 
A preliminary report on the treatment of casu-
alties following the frightful attack on Pearl harbor in De-
cember of last year states that shock and hemorrhage, although 
common, were surprisingly well combated by transfusion of 
I" · ,. whole blood or liquid plasma. 
42. 
(14) 
Bushby, Kekwick and Whitby have introduced a 
method·of calculating the blood volume of a wounded patient 
by means of comparing the hematocrit before and after a 
plasma transfusion. Their rationale is as follows: ·"when 
a known volume-of plasma is added to an unknown volume of 
blood the total volume of red cells in circulation is unaf-
fected (assuming that hemorrhage has ceased); the red cells 
can, therefore' act as an indicator of the amount of dilu-
tion brought about by the transfusion." Such determinations 
must be carried out immediately before and after the rapid 
transfusion of a known volume -of plasma. They submit the 
following formula: 
v • ...1.L, where 
x-y 
V = original unknown blood volume just before plasma 
transfusion 
P = volume of plasma transfused 
x = hematocrit just before plasma administration 
y = hematocrit just after plasma administration 
Under the present conditions of warfare, with casu-
alties reaching the hospital within a short time of being 
wounded, quite an accurate estimate of blood volume can be 
made, as the compensatory mechanisms of the body have not 
advanced sufficiently to affect the figure. 
(45) 
Kekwick and his associates found that by using 
this method of Bushby ~ al, they could make a shrewd esti-
mate of the blood loss by assuming an approximate normal 
blood volume of 5~ liters for a man and 5 liters for a woman. 
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Their cases provided examples of both the accuracy and the 
fallacy of this method for estimating blood volume. 'fhey 
found the calculation to be rendered inaccurate by continu-
ance of bleeding, which, incidently, was the most common 
cause of failure to effect a rise in blood pressure despite 
adequate transfusion. 
The above hematological check, combined with good 
clinical judgment, was found to be of value in preventing 
cases with a sustained low blood pressure from having a gross 
excess of fluid transfused in an effort to restore blood 
pressure--thus avoiding the danger of pulmonary edema. 
In respect to the necessity of typing plasma to be 
used in transfusion, the following two reports are of in-
terest: 
(26) 
Edwards and his associates claim that while the 
giving of plasma of the same group as that of the recipient 
is ideal, plasma of any group may be given to any patient up 
to 500 cc. Generally speaking, Group AB plasma is the ideal 
for transfusions, as it contains neither of the agglutinins; 
while Group 0 plasma is the least suitable, as it has both 
alpha and beta agglutinins. Group AB plasma may be prepared 
artificially by mixing Group A and Group B bloods and with-
drawing the resultant. Group AB plasma can be administered 
in any amount • 
" 
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{47) 
Levinson and Cronheim have described experi-
menta which illustrate the agglutinin neutralizing action 
in vitro when different groups of serum are mixed. Although 
neutralization of agglutinins by both tissues and serum of 
the recipient provides a wide margin of safety in protecting 
the X'ele;&pient red cells from the infused agglutinins, they 
recommend that serum or plasma prepared for transfusions 
should be made up of pools containing all blood groups. 
In passing, it seems well to include two practical 
measures in regard. to the use of plasma, as pointed out by 
( 75) 
Strumia et al 
1. Heating of the plasma must be avoided. 
2. Administration of cold plasma does not cause any 
reaction. 
Further mention should be made of the report· of 
{8) 
Blalock and Mason which includes a discussion of the col-
lection, preservation, transport and dispensation of whole 
blood, plasma and/or serum. 
A practical suggestion dealing with preventive mea-
(23) 
sures in the treatment of shock comes from DeGowin • 
"The establishme.nt of' blood and plasma banks in thousands of 
smaller hospitals in the country not only would make these 
institutions more valuable in the treatment of the emergencies 
that arise in civilian practice but would also build a great 
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military reserve which could be utilized much as the blood 
banks in cities in Great Britain are now being used in the 
treatment of ai~ raid casualties." 
Concentrated plasma and serum: 
The use of plasma and serum concentrates is one of 
the more recent advances in the treatment of shock. The 
methods of preparing desiccated plasma have been reviewed re-
(8) 
cently by Blalock and Mason • This paper is not concerned 
with .the technicalities involved in the preparation of dried 
protein material. Suffice it to say that the methods of pro-
duction may be roughly divided into three categories or com-
binations of these: {a) simple evaporation; (b) vacuum des-
iccation; {c) dehydration without denaturation by organic sol-
vents. Concentrated plasma is either partia~ly dried plasma 
or dried plasma powder that has been reconstituted up to less 
than its original volume by the addition of sterile water--
reconstructed plasma. 
(56) 
Moon has objected to the suggestion that such 
concentrates be used to increase the osmotic pressure of the 
plasma in shock. Although he admitted that such a suggestion 
was theoretically sound, he argued that it was based on the 
supposition that the capillary endothelium was capable of 
maintaining the differential in osmotic pressure thus created. 
"The difference between the composition of the plasma and that 
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of the extravascular fluid is maintained by virtue of a nor-
mal semipermeable endothelium b~tween them. Capillary walls 
so damaged as ·to allow the passage of wbol·e plasma through 
them are incapable of maintaining any effectual ~ifferential 
between the composition of intra- and extravascular fluids." 
Capillary damage is the fundamental and primary cause for the 
circulatory disturbance, Moon argued, and if such cannot be 
prevente¢1, or if its:causes cannot be removed, no treatment 
directed toward the resulting phenomena may be expected to be 
effective. 
Fortunately, however, the experiments of Hill and 
(40) 
others have proven the effectiveness of these concentrates. 
In the cases that they reported the effect of hypertonic plasma 
on shock was, in general, an almost invariable, immediate, 
marked and sustained increase in blood pressure. While the 
speed of this response was probably due in part to direct 
stimulation of the vascular system, there was evidence of a 
. remarkably early increase in circulating blood volume. The 
·"decrease in whole blood specific gravity, hematocrit, red 
cell count, and hemoglobin content indicate a definite increase 
in plasma volume. 
Hill presented evidence that this increase in vol-
ume was due in a large measure to withdrawal of tissue fluid 
into the circulation and not merely to the added volume of 
concentrated plasma. The extreme speed of fluid shift is 
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important in view of the rapidity with which large quantities 
of protein can be introduced into the circulation. The total 
effects of these changes are diametrically oppose~ to the 
mechanism of traumatic shock with its loss of plasma volume 
into the tissues. 
(12) 
In regard. to Brennan's work discussed earlier 
in this paper, it would seem that hypertonic plasma should be 
superior to whole plasma in reducing erythrocyte size by 
water shift. As Hill pointed out, the removal of fluid from 
abnormal locations seems preferable to mere addition of fluid 
to the circulation, since misplaced fluid may be deleterious 
to capillary, tissue and red cell function. 
In the treatment of severe posthemorrhagic shock, 
hypertonic plasma or serum, followed by whole blood transfu-
sion, has a definite place. 
Concentrated plasma has proven to be an effective 
therapeutic agent in several medical and surgical conditions. 
The advantages claimed for this concentrate that are applic-
(40) 
able to the treatment of shock may be summarized as follows 
1. Larger amounts of protein can be placed into the circula-
tion more speedily. 
2. There is an immediate reversal of the abnormal physiologic 
changes of shock. 
3. Blood volume is built up by withdrawal from the tissues of 
fluid previously lost from the blood stream. 
4. It is probable that the concentrate has a direct stimu-
lating effect on vascular tone and permeability. 
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For military and other emergencies where no supply 
of blood i,s easily available, the desiccated plasma has cer-
( 10, 26, 40) 
tain special merits 
1. It is easily prepared. 
2. It deteriorates slowl~if at all•-no bacterial growth or 
. flocculation occurs. 
3. It may be stored almost indefinitely at room temperature. 
4. Its small bulk affords easy packing and transporting. 
5. It is almost_immediately soluble in distilled water. 
6. The regenerated plasma may be administered by a syringe. 
(73) 
Although it is reported that regenerated plasma 
has lost almost all its prothrombin and a· portion of its com-
plement, these changes are of but secondary importance in the 
treatment of shock. 
(35) 
Harkins suggests the use of Hartman's dried 
plasma contained in cellophane bags. By placing the container 
in sufficient water a plasma infusion can be readily made. 
Ordinary tap water can be used as the cellophane is imper-
meable to bacteria. 
(26) 
Edwards and his associates report that 100 cc. 
of citrated plasma yields about 8 grams of the dried product. 
(40) 
Hill et al recommend that the dried plasma be placed in 
vaccine type bottles. in doses of 25 grams, to be accompanied 
by sufficient water to make up 100 cc.of the concentrate. 
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This dose should be given rapidly up to 100 cc per minute. 
If large amounts are administered, the blood pressure should 
be checked frequently. 
(39) 
Hill reports that concentrated plasma is con-
traindicated in conditions where the resulting additional 
blood volume and pressure built up would be harmful, as in 
certain cardiovascular conditions. Even here, if the hyper-
tonic effect of concentrated protein is needed to reduce 
edema, the concentrate may be used, provided a quantity of 
blood which is equal to, or greater than, four times the 
volume of the plasma given is withdrawn. Further, if the 
plasma volume is markedly diminished and the tissues are de-
hydrated, the use of unconcentrated plasma would appear to · 
be preferable. 
The problems encountered in respect to concentrated 
serum are identical with those of plasma except in relation 
to collection and storage of the liquid product. However, 
the use of lyophilized serum has been objected to because of 
the reactions which often follow intravenous administration; 
these reactions were attributed to the lyophile process. 
(74) 
Strumia and Wagner claim that such reactions are due, not 
to a change induced by the process of desiccation, but to the 
process of fibrin precipitation in the original serum. 
As in the case of unconcentrated plasma and serum, 
there is no need for typing prior to administration, although 
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it is advisable to pool various lots in order to suppress the 
isoagglutinin activity. 
Albumen concentrate: 
(50) 
In 1938 Mahoney suggested that theoretically 
the injection of the albumen fraction alone would be superior 
(65) 
to either plasma or serum. As Rose et al point out, the 
albumen fraction is the most important for it is the smallest 
in molecular size and as a result is the first to escape 
through the capillary wall when permeability is increased. 
Further, since the osmotic pressure exerted by a molecule is 
inversely related to its size it becomes apparent that of all 
the plasma proteins albumen exerts the greatest osmotic pres-
sure. 
Along this line it has been reported recently that, 
under the direction of' Dr. E. J. Cohn of Harvard University, 
human albumen concentrates have been perfected for use in the 
treatment of' shock. rrhe author has witnessed the use of' this 
concentrate on a person suffering from severe traumatic shock 
complicated by hemorrhage. The albumen produced a rapid and 
marked rise in blood pressure, which was maintained for a con-
siderable period of time. It would appear that the use of 
albumen concentrates will play an important part in the fu-
ture treatment of secondary shock. 
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Blood substitutes: 
The purpose of a blood substitute is to supply an 
innocuous foreign substance that will restore and maintain 
the blood pressure for just such a time as it takes for the 
adequate development of the body's own compensatory mechan-
ism. In addition, any such substitute must be readily avail-
able, easily prepared, and inexpensive to produce. 
Glucose and saline: 
Isotonic solutions of crystalloids have their chief 
value in treatment of shock by preventing dehydration.. How-
ever, such solutions have been used in an effort to raise 
the blood pressure and blood volume and thus to restore a · 
failing circulation. Glucose has been used not only for its 
favorable osmotic effect, but as a supply of readily oxidiz-
{56) 
able fual. However, as Moon has pointed out, glucose 
is of little value in this latter role as metabolism is low 
in shock not from lack of carbohydrate but because of anox-
emia. In obvious states of undernutrition in which there has 
been depletion of the glycogen reserves of the liver, adminis-
tration of glucose might well be of advantage in replenishing 
these stores and in preventing liver damage. 
Hypertonic solutions of crystalloids have been used 
in an effort to raise the osmotic pressure of the blood plasma. (1) 
Hypertonic saline, according to Adams , is effective in 
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relieving arteriolar spasm, decreasing the viscosity of the 
blood, and in favoring the return of fluid from the tissues 
into the circulation. 
Although the use of either isotonic or hypertonic 
solutions produces a temporary rise in blood volume, the 
fluid rapidly leaves the circulation through the damaged 
capillaries, resulting in no pe~anent increase in the cir-
culating blood. 1his transient effect may, in fact, be of 
(24) 
harm.through the following mechanisms 
1. Dilution of serum protein to an edema level. 
2. Saline leaks out of the blood stream as dilute 
plasma, thereby actually increasing the rate 
of protein loss. 
3. Consequent to this protein loss and concurrent 
reduction in osmotic pressure, even more fluid 
leaks out, not only into the injured areas but 
throughout the viscera. 
It can easily be seen that resulting pulmonary 
edema and congestion with concomitant decrease in the aera-
tion of the blood merely aid the rapid development of the 
vicious cycle of shock. 
The use of saline infusions bef~ the sequence 
of events comprising shock is probably another matter. 
(54) 
Meakins points out that these infusions may dilute 
harmful toxins and products of tissue maceration, promote 
their elimination by diuresis,and may maintain blood vol-
1' ume long enough for the organism to.round a critical corner. 
-f"\1 
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It would appear, therefore, that at best saline 
and glucose are but temporary expedients in the treatment 
of shock, and their use should be limited to the therapy of 
dehydration except in emergencies when blood or plasma are 
not available. 
Gum acacia and saline: 
This mixture has been used to supply a colloidal 
substance capable of raising the blood pressure and, as 
acacia is retained by damaged endothelium, further main-
(43} 
taining the blood pressure for some time. Keith , who bad 
wide experience in the use of acacia in France in World War 
I, considered it to be practically as valuable as whole 
blood itself in the treatment of both shock and hemorrhage. 
{ r/6} 
However, Studdiford in a review of experimen-
tal work coupled with evidence of reported cases, states 
that: "The intravenous use of acacia solution may be dan-
gerous and may result in serious reactions or in death." 
The severe complications which may follow its use include: 
1. Liver damage. 
2. Disturbances of the red cells: 
a. Interference with normal gaseous interchange 
by coating the red blood cells with gum 
(if marked, it may lead to a fatal anoxemia). 
b. Tendency to rouleaux formation. 
c. Causes an increase in sedimentation rate. 
d. causes coagulation of red cells, producing 
capillary blockage, followed by edema and 
hemorrhage. 
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3. Antigenic reactions, particularly in improperly 
prepared acacia solutions. 
Studdiford claims that the only indication for the 
use of acacia solution intravenously in the treatment of 
shock and hemorrhage is as a last resort when transfusion 
is unavailable. Even then, moderately severe conditions 
are benefited only temporarily, while advanced cases of 
shock are ineffectively. treated. 
Ascitic fluid: 
(22) 
Davis and Blalock investigated the effects of 
autologous and homologous transfusions of human ascitic 
fluids in humans. They found the protein content of such 
fluid to be 28 to 45% that of blood plasma. The fluid is 
not toxic in human beings if proper precautions are taken. 
However, as group-specific agglutinins are present in peri-
toneal and pleural transudates, preliminary cross-aggluti-
nation tests are essential. 
Following their experiments they concluded that 
transfusions of ascitic fluid were practical, as reactions 
were few and relatively mild; such reactions can probably 
be eliminated by more thorough filtration. They further 
noted that prolonged refrigeration did not affect the physio-
logical availability of the fluid. They raised the question 
of the possible value of lyophilized ascitic fluid. 
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Bovine pla~: 
(41) 
Janeway et al report that clinical and immune-
logical studies are being made on preparations of purified 
bovine plasma protein fractions. The albumen fraction seem~ 
to make a satisfactory substance for increasing and main-
taining plasma volume iri acute emergencies. Its properties 
of low viscosity, great stability, solubility, and osmotic 
activity make it a theoretically ideal substitute. 
They have found that reactions between anti-beef 
albumen sera and the ordinary therapeutic horse sera are 
slight, and diminish with increasing purity of the albumen 
fraction. Beef albumen solutions will maintain blood volume 
in dogs with shock induced by burns. Very little of the in-
jected alburnen escapes in the urine. In man, intravenous in-
jections have been carried out in only sixteen cases at the 
time of reporting, but there were no untoward reactions with 
the exception of serum disease in one patient who previously 
had had horse serum sickness. 
It is reported that Dr. E· J. Cohn has been conduct-
ing extensive research into the use of bovine plasma as a 
blood substitute. This work, because of its vital applica-
tion to the treatment of shock in war times, is being spon-
sored through a large federal grant. Unofficial reports of 
this work have been encouraging. The. detailed reports of his 
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investigations are considered military secrets; thus, no 
publications of this work are being made until the current 
war crisis has passed. 
Isinglass ~ gelat~~: 
(77) 
Taylor and Waters state that in order to restore 
and maintain the volume of circulating fluid a transfusion 
fluid must answer the following physiological requirements: 
1. The molecule of the dissolved substance must 
be of such a size that the fluid will not 
leave the vessels too freely. 
2. The solution must exert an osmotic pressure 
and possess a viscosity approaching as closely 
as possible that of whole blood. 
3. It should be as nearly as possible isotonic 
with the contents of the erythrocytes. 
4. It must be non-antigenic and innocuous in every 
respect. 
With these specifications in mind, they suggested the 
use of isinglass (fish gelatin) as a blood substitute. Ex-
periments on dogs, severely bled, demonstrated that a 7% solu-
tion of isinglass in 0.9% saline adequately raised the blood 
pressure and blood volume. 
Although their first report on the use of isinglass 
showed that it was mildly antigenic, by heating the original 
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acid solution of the dried swimming bladder to 90° C for a 
few minutes the already low antigenicity of' the isinglass 
was further reduced. However, more recent experimental 
{79) 
work does not support their earlier hopes. It was found 
that isinglass disappeared very quickly from the blood 
stream; thus, the advantageous effects of this solution were 
but transient. 
( 79) 
Recently they have been studying the use of a 
high-grade animal gelatin, made from green stock calf skin 
--a substance which apparently has an appreciably higher 
molecular weight than isinglass. They found that gelatin 
leaves the blood stream much more slowly, appreciable amounts 
remaining 24 hours after the transfusion, thus assuring a 
·maintenance of blood pressure for a longer time. There has 
been no incidence of sensitization. Waters reports that 
experimental work is now being carried on to determine if 
repeated injections of the gelatin solution over a period of 
weeks results in any harmful effects, especially as related 
to the liver and kidney. 
Pectin: 
(36) 
Hartman and his coworkers have suggested the 
use of pectin--a colloidal carbohydrate of high molecular 
weight and of rather complex composition--as a satisfactory 
blood substitute. Their preliminary experimental and clin-
ical applications indicate that pectin solutions Will be of' 
some value in the treatment of shock. It has not been 
found to be antigenic. Some of its claimed advantages may 
be listed as follows: 
1. Only a 0.5% solution is needed to make a solu-
tion with a viscosity and osmotic pressure 
near that of whole blood. (Fourteen times as 
much acacia, isinglass or gelatin, gram for 
gram, is needed for the same relative effect.) 
2. Its source (citrous fruit), method of produc-
tion, and ease in preparing and sterilizing 
stable buffered solutions make it readily 
available. 
3. There is only a temporary retention of pectin 
in the blood and in the liver; excretion of 
the unchanged pectin in the urine is rapid, 
the maximum excretion being within 24 hours, 
with the. major portion excreted in 2 to 3 days. 
It has the disadvantages that it is necessary to 
neutralize, add electrolytes, and test each lot against ci-
trated blood and suspensions of red blood cells, examining 
for hemolysis, rapid sedimentation, precipitation of fibrin, 
and a test for viscosity. 
The advantages of preparations, such as have been sug-
gested in the preceding pages, cannot be overlooked. Much 
more work needs to be done before such solutions can be con-
sid~red suitable for human use. It would seem, however, that 
because of their very nature--being foreign to the animal 
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organism--these substitutes should not be expected to equal 
the possibilities of bovine plasma. 
A blood substitute which has fallen into disuse is 
(8) 
Hemoglobin-Ringer solution. According to Blalock and Mason 
it leaves the blood stream rapidly, and the resulting hemo-
globinuria may lead to renal complications due to deposition 
of hematin in the tubules, unless the urine is kept alkaline. 
In the administration of fluids and plasma the in-
travenous route should be the one of choice. Although several 
other avenues of entry are available: namely, oral (and by 
stomach tube}, rectal, subcutaneous, and intraperitoneal; 
{6) 
Blalock points out that the absorption of fluids from these 
sites is'very slow in the presence of peripheral circulatory 
failure. 
Drugs 
Depressants: 
Morphine should be used for prevention or relief of 
pain and restlessness, and to permit sleep, with a consequent 
diminution of shock. It can be administered by various 
(31) 
methods 
1. Orally - by placing the hypodermic tablet under 
the tongue; the rate of absorption through the 
mucosa of the mouth is slow, but this method 
' 
60. 
may be of advantage when a large number of doses 
have to be administered. 
2. Hypodermically - for rapid and reliable action. 
3. Intravenously - for immediate effects, but here 
the dose must be small and the patient watched 
carefully. 
{31) 
Hamill stresses the fact that care must be taken 
to keep the patient warm, as morphine causes relaxation and 
diminished heat production and, by its tendency to produce 
slight dilatation of superficial vessels and secretion of 
sweat, facilitates loss of heat by evaporation and radiation. 
As morphine acts directly on the respiratory center, 
causing a depression of the depth (and rate) or respiration, 
excess dosages should be avoided for fear of ensuing anoxia. 
If signs of respiratory depression appear, oxygen and carbon 
{6) 
dioxide (10%) should be inhaled. Blalock warns that mor-
phine should be avoided if anesthesia is to be given, or if 
intracranial injuries are suspected. 
(15) 
Cannon suggests that morphine, by reducing tis-
sue metabolism, lessens the demand for oxygen and thus helps 
to compensate for the smaller supply of oxygen in the slug-
gish blood flow. 
vasoconstrictor drugs: 
Although vasoconstrictor drugs may be of value in 
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treating primary shock, it is now quite generally accepted 
that the use of these drugs (epinephrine and ephedrine) are 
contr~indicated in secondary .shock. 
still persons who advocate their use. 
However, there are 
(1) 
Adams , for ex-
ample, claims that such agents aid in restoring capillary 
tone, especially in the early stages of shock. On the other 
{27} 
hand, Fantus and Seed suggest the slow intravenous in-
fusion of epinephrine in the final stages of shock. 
(63) 
Riley claims that neosynephrin and ephedrine seem to be 
the drugs of choice for the treatment of shock. The author 
finds it impossible to either comfirm or accept these sugges-
tions. 
The rationale for avoiding vasoconstrictor drugs is 
that, in response to incipient shock, circulatory reflexes 
and the release of epinephrine cause as much compensatory 
vasoconstriction as the injured vessels are capable of mani-
festing. Thus, arterioles are already constricted, and, as 
(28) 
Freeman et al have pointed out, although these drugs do 
cause an increase in the blood pressure, such a raise is 
only at the expense of the blood flow with further aggrava-
tion of tissue anoxia. In regard to the terminal stages 
(15) 
of shock, cannon and others have stated emphatically 
that once the vasomotor center has completely ·lost its ca-
pacity to maintain vascular tone, there is no known remedial 
agent which can be applied to bring the blood flow back to 
its normal condition. 
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Regarding the use of pituita~ extract: The action 
of this drug is a direct one on the vascular musculature, 
produ~ing constriction of the capillaries and less marked 
(29) 
' constriction of the arterioles • Certain investigators 
have advocated the use of pituitrin in combatting shock. 
( 63) 
Riley , for example, states that experimental work done 
on dogs Suggests that pituitrin is the drug of choice in es-
tablished shock. (He fails, however, to include in his 
article the source of this evidence.) 
(78) 
Warfield claims that this drug is useful in the 
treatment of peripheral circulatory collapse from infections, 
being superior to epinephrine because of its longer action. 
He cites as evidence the studies of Hartl which showed that 
injections of pituitrin in men cause an improvement in blood 
(3) 
pressure, pulse and respirations. Best and Soldat have 
given credit to the intravenous ·administration of pituitrin 
and concentrated blood serum for the successful treatment of 
experimental shock in animals. It is the author's opinion 
that the credit belongs to the serum alone. 
{56) 
Moon speculates that pitressin might be useful 
in restoring tonus to capillary endothelium, provided the 
endothelium had retained its capacity to respond to such 
stimuli. But if such is the case, the same objection must 
be raised as in the use of the preceding vasoconstrictor 
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drugs. Further, it would seem that more than capillary con-
striction is needed to correct the condition of shock. 
It may reasonably be concluded that vasoconstrictor 
drugs are useless in the treatment of shock, and may even be 
harmful. 
Stimulants: 
Caffeine has been advocated as a useful therapeutic 
measure in shock by virtue of its stimulating action on the 
(37, 72) 
respiratory center As respiratory depression is 
but a secondary feature in shock, the value of this therapy 
is questioned. In fact, it would appear that caffeine might 
even contribute to shock by two mechanisms: 
1. Caffeine stimulates the cerebral cortex; this action 
{29} 
precedes its stimulating effect on the medulla ; thus, its 
action is antagonistic to that of morphine. There would be 
a resultant increase in the susceptibility to sensory stimuli, 
a condition to be avoided in a shocked person. 
2. Although the central and peripheral action of caf-
feine upon the blood vessel is antagonistic, after therapeu-
{29} 
tic doses the vasodilator action predominates , in which 
case caffeine would be contraindicated. 
(56) 
Moon has claimed that in warfare hot coffee and 
tea were used with benefit in preparing men suffering from 
64. 
woun9.s,, co.ld, ·and exhaustion for. operation. It would appear 
that in th~se cases the value was derived from the applica-
tion of internal heat, not from the caffeine. 
Strychnine~ although far from an ideal drug·, is 
' ( 78) 
.recommended by Warfield He claims that it tends to in-
crease bloo.d volume, stimula:te .oxidative processes, increase 
phagocytosis, and d~crease capi;J.lary permeability. The 
author has been unable to confirm these statements. Goodman 
' (29} . . 
and Gilman report that there is no basis for its use as 
a stimulant for a failing circulation; in therapeutic doses 
it has no demonstrable effect on either the vasomotor or 
respiratory centers. 
The chief value of strychnine, according to Hender-
(37} 
son is its accentuation-of the spinal reflexes, and the 
consequent increase of muscle tonus. .Indirectly this will 
augment both the heart action and respiration, as the tonus 
of muscles is a major factor in the heat production, oxygen 
consumption and carbon dioxide production of the body. 
{29) 
Again.referring to Goodman and Gilman ·, the state-
ment is found that therapeutic doses of strychnine have no 
direct action on skeletal muscle; in fact, the increased tone 
and activity of voluntary muscle following the administration 
of strychnine is nexclusively the result ot' the action of 
toxic amounts of the drug on the central nervous system". 
I 
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The use of digitalis is valueless, and may even 
cause harm. All authorities agree that the heart itself 
is not the cause of shock. "The heart is capable of in-
(63) 
creasing its output if only the input is increased." 
(52) 
According to McDowall it may be demonstrated in ani-
mals that just before death the heart is beating vigorously 
but is incompletely filled. The weak rapid pulse, low 
blood pressure, etc., that are seen in shock are not of 
cardiac origin. 
Metrazol and coramine are of doubtful value in 
circulatory collapse other than that due to central vaso-
motor depression. They appear to have no direct applica-
(29) 
tion in the treatment of shock • 
Alkali: 
(17) 
Coonse ~ al , following experimental studies, 
reported that severe cases of traumatic shock responded 
well to intravenous alkal'i by preventing acidosis, by di-
rect stimulation of the respiratory and other vital cen-
ters, by increasing the rate of disassociation of oxy-
hemoglobin, and by improving the peripheral blood flow. 
It is a generally accepted fact that although acid-
osis is a common finding in shock, it is a consequence of 
and not a cause of shock. Further, the injection of sodium 
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bicarbonate is not without the danger of a possible sudden 
shift from uncompensated acidosis to a state of uncompen-
sated alkalosis. Thus, there seems to be no basis for treat-
ing the presence of simple acidosis. 
Heat vs cold: 
The importance of maintaining body heat is well 
known. There is probably no greater depression to vital 
function than a subnormal temperature. As a result of his 
( 15) 
experiences in the last war, cannon wrote: 
''The clinical improvement seen when a wounded man, 
cold and shocked, is merely put to bed and warmed 
is often astonishing. The pulse, absent at the 
wrist, may return in good volume and within an 
hour the blood pressure may rise to a satisfactory 
level." 
The ill effects that cold may have upon the shocked 
(15) 
individual are several. Cannon points out that cold may 
cause a reduction of the volume of circulating blood by 
causing stagnation of corpuscles in the capillaries--there 
is constriction of the venules which adds to the stagnation. 
Further, cold increases the viscosity of the blood. As oxy-
gen delivery to the tissues becomes inadequate, the heat 
production of the body may be lowered so markedly that the 
number of calories may be reduced fully one-third. Once 
shock is established, the general and special arrangements 
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. for compensatory heat production (i.e., shivering) are no 
longer efficient. Sweating often accompanies severe wounds 
--possibly a response of the sympathetic system to the fall 
in blood pressure--and has the effect of augmenting the 
loss of heat from the body. 
Another explanation for the necessity of maintain-
ing body heat at normal levels has been offered by Boothby 
(11) 
et al • They have shown that a fall of body temperature 
causes a demonstrable reduction in the dissociation curve 
of oxygen. Increasing the body temperature will cause a rise 
in this dissociation curve with a consequent increase in the 
oxygen tension in the tissues. Likewise, elevation of tem-
perature will frequently increase the rate of circulation 
Which, in turn, further increases the oxygen in the tissues. 
Of particular interest are the experiments performed 
(9) 
by Blalock and Mason in an effort to show the effects of 
marked degrees of heat and cold on animals in incipient or 
fully developed shoe k (produced by trauma and by hemorrhage) • 
They report that following the application of excessive heat 
the increase in blood content of the skin and muscles will 
be accompanied by a reduction of the blood flow to the more 
vital structures. In addition to this vascular dilatation, 
the already low blood volume may be reduced further b;r the 
development of edema, Which occurs more rapidly at the 
higher temperatures. In short, the vasoconstriction of shock 
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is replaced by vasodilatation with a reduction in the ef-
fective volume of circulating blood. 
Hypothermia, by lowering the rate of metabolism, 
has the additional beneficial effect of reducing the tissue 
requirements for oxygen. It was considered possible that a 
capillary bed damaged by previous anoxia might, during pro-
longed hypothermia, become sufficiently repaired to make sub-
sequent measures to restore blood volume and blood pressure 
by transfusion permanently effective. 
Blalock and Mason emphasize the fact that they do 
not offer evidence that the time-honored custom of warming 
the patient in shock is a bad one. Neither do they prove, 
nor believe, that measures to reduce below normal the body 
temperatures of patients in shock should be instituted. 
These experiments simply show that, in animals in shock, ex-
cessive cold is preferable to excessive heat. 
They conclude their paper with the following state-
ment: 
"It should be remembered that in the human being the 
extremities may be cold in the presence of shock 
because inadequate circulation is diverted in part 
to more important structures and that attempts to 
warm the skin and adjacent tissues by artificial 
means may result in further impairment of the cir-
culation to the essential and more easily damaged 
organs •••• The patient in shock should have adequate 
cover but more drastic means to elevate the tempera-
ture of the skin should be used with great caution, 
if at all." 
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( 6) 
In another work Blalock brings out several addi-
tional points. Cold extremiti·es may be associated with an 
elevation of the internal temperature and the latter may be 
raised to a dangerous degree if excessive heat is applied. 
Profuse perspiration,which accompanies the application of 
heat, may result in additional dehydration. 
Exposure and wet greatly aggravate subnormal tem-
peratures and shock; thus, wet clothing should be replaced 
(63) 
with warm, dry garments as soon as possible. Hiley sug-
gests that a proctoclysis of o% glucose in normal salt, 
warmed to a temperature of about 100° F at the time it en-
ters t~e rectum, is a relatively easy and effective means of 
restoring heat to the body. 
In addition to the helpfulness of hot drinks, bot 
(14) 
enemas, and bot infusions, Fantus and Seed believe that 
diathermy is advocated. 
oxygen and carbon dioxide: 
Anoxia has been considered an important factor in 
both the development and augmentation of secondary shock. 
Thus, inhalation of high concentrations of oxygen has been 
suggested,along with other means, to counteract this anoxia 
before circulatory deficiency becomes irreversible. 
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( 66, 67' 68) 
Schnedorf and Orr , in a series of ex-
periments on dogs, found that 100% oxygen inhalation was a 
valuable therapeutic measure in the treatment of traumatic 
shock~ peripheral circulatory·failure due to histamine, 
and shock following repeated small hemorrhages. Wood et 
{82) 
al found that increased inhalation of oxygen resulted 
in a considerable increas.e in the amount of oxygen avail-
able to the tissues, as evidenced by a rise in the qxygen 
content in both the arterial and venous blood. 
The inhalation of 100% oxygen results not only in 
an increase in the amount of oxygen in chemic.al combination 
with hemoglobin; but also in a substantial increase in the 
amount of oxygen in physical solution in blood plasma. 
(11) 
Boothby 2.! al have presented a paper giving the physio-
logic principles and factors upon w~ich inhalation of 100% 
oxygen is based. Briefly, due to tne decreased rate of 
blood flow through the tissues in shocl:, a greater amount 
of oxygen is given up. Although the use of 100% oxygen 
. causes only 10 to 15% increase in the oxygen content of the 
arterial blood, there is a corresponding increase in the· 
partial pressure of oxygen in the capillaries, and a greater 
amount of oxygen is given up more readily to the tissues. 
Using a typical example they have plotted their findings 
on an oxygen dissociation ourve, and have shown that the 
., 
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10 to 15% added saturation Will increase the partial pres-
sure of oxygen in the capillaries to a degree equivalent to 
a 50% increase in the pressure of oxygen in·the tissues. 
The inhalation of 100% oxygen does not cause pul-
monary irritation, if administration is not maintained con-
tinuously for more than two days. After two days lower 
concentrations should be used. They conclude that shock 
can be benefited by, and often prevented by, early inhala-
tion of 100% oxygen. Further, they have developed a mask, 
the B-L-B inhalation apparatus, which can be used success-
fully in this treatment. 
(21) 
Davis bas made some rather interesting obser-
vations on the effects of oxygen administration in normal 
animals and those sufferin5 from shock (both hemorrhagic 
a.nd that associated with hemoconcentration). Part of his 
work was based upon the amount of oxygen utilized by an 
organ or tissue in any given period. He expressed this 
finding in terms of the coefficient of oxygen utilization 
- c.o.u. The formula he used was as follows: 
Ao·- Vo 
Ao 
x 100 • c.o.u. (in volumes of oxygen%) where: 
Ao • arterial oxygen content (in volumes%). 
Vo =venous oxygen content (in volumes%). 
An increase in.c.o.u. would mean increased utilization of 
oxygen by the tissues, and would be due to: 
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1. Increase in rate of metabolism of the ~issues. 
2. Decrease in rate of blood flow through the tissues. 
On the other hand, a decrease in c.o.u. ,would be due to: 
1. Diminution of the metabolic activities of the tissues. 
2. Increase in rate of blood flow through the area. 
By maintaining the animal at rest, the degree of metabolism 
was kept quite constant. Thus, the effect of oxyge.n upon 
the rate of blood flow could be determined. 
As a result of oxygen therapy, Davis found that the 
oxygen content of both the arterial. and venous blood was in-
creased in all cases. of shock. He further found that oxygen 
decreased the c.o.u. in mild and severe hemorrhage (treated 
early), and therefore assumed that oxygen accelerates the 
rate of flow of blood. In the late treatment in severe hem-
orrhage and in hemoconcentration there was an increase in 
the c.o.u., indicating a diminution in the rate of flow. 
The following conclusions were made: 
1. Oxygen should be regarded merely as a subsidiary 
form of treatment in cases of shock. 
2. Best results are obtained before a considerable 
diminution in the blood volume has occurred--
regardless of the type of shock. 
3. Oxygen administration is useless in cases of se-
vere shock if the blood volume continues to de-
crease, but if no further decrease occurs,. 
oxygen may have a stabilizing effect on the low 
blood pressure and may prevent further fall until 
other forms of therapy are available. 
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In regards to the use of carbon dioxide, it has 
been shown repeatedly that depletion of carbon dioxide is 
. (37) 
not a factor in tne development of shock. Henderson 
has suggested the use of this gas to increase the volume 
of breathing ~nd, thr?ugh its action on the venopressor 
mechanism, to improve the venous return and thus increase 
the volume of·circulation. Clinica~ly it has been found 
that the administration of carbon dioxide is not of marked 
value; in fact, if vasoconstr1ction is already excessive, 
. . (52) 
it may even be harmful· • The rationale behind the use 
of carbon dioxide is the Bohr effect--the dissociation of 
oxygen from oxyhemoglobin takes place more rapidly in the 
presence of increased amount of carbon dioxide in the 
(21) 
blood • 
It is of' interest to note that the Committee on 
(55) 
Traumatic Shock of. the Medical Research Council (British) 
recommends the use of oxygen in high concentration in cases 
of shock •••• in fact, to all who manif'est cyanosis of the 
('71) 
lips, ears or nails. Reports on the treatment of' air-
raid casualties in the present war substantiate the claims 
made for the use of oxygen as a valuable form of therapy 
in shock. "Oxygen therapy with the B~L··B. mask was frequently 
used and with obvious immediate improvement in color, pulse, 
and depth of respirations. If the patient did not tolerate 
the mask it usually meant that he did not require oxygen.n 
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It seems reasonable to conclude that inhalation of 
high concentrations of oxygen exerts beneficial effects in 
the treatment of peripheral circulatory failure. Such 
treatment must be early; after the circulatory rate has 
slowed and the blood pressure has declined seriously this 
treatment is futile. 
Venous return: 
The Trendelenberg or shock position has long been 
used as an adjutant treatment in shock. Theoretically gra-
vity aids in returning blood to the heart When the lower 
(6} 
part of the body is elevated; further, Blalock points out 
that this position results in an increase in blood flow to 
the brain--of importance when considering the ill effects of 
even short periods of anoxia on nerve tissue. 
( 15) 
Cannon has expressed doubt as to the value of' 
this procedure, stating: "For gravity to be effective the 
blood would have to be chiefly in the vena cava, for there 
is no evidence that blood of the portal vein can be made to 
pass through the liver capillaries by gravity drainage. 
All the evidence, both clinical and experimental, proves 
that the stagnant blood is not in the large veins in secon-
(56} 
dary shock. 11 Moon claims that the effect of gravity, 
when the body is in the Trendelenberg position, favors re-
covery from primary shock, but is of doubtful value in 
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secondary shock. Blood sequestered by stasis in visceral 
capillaries is not readily affected by gravity. 
It cannot be denied that blood flow is increased 
to a certain extent by elevation of the feet. 'l1he experi-
(51) 
mental work of Mann et al on the flow of blood in the 
peripheral arteries (using a modification of the thermo-
stromuhr of Rein to measure the blood flow) is ot' interest. 
They demonstrated that when the etherized animal was placed 
in the head-down position, the flow of blood in the carotid 
artery was increased about 30% over that when the animal 
was horizontal, whereas when the animal was placed in the 
head-up position, blood flow was decreased almost 30% as 
compared to the flow in the horizontal position. 
In the treatment of shock in the hospital the foot 
(35) 
of the bed should be raised routinely, but, as Harkins 
points out, in war casualties this plan can be applied by 
the stretcher bearers--the one at the foot carrying the 
handles of the stretcher on his shoulders, while the rear 
bearer suspends the head end at full arm's length. This 
should be considered a valuable first aid measure. 
Other means have been suggested to raise the ven-
ous pressure,· most of them based upon mechanical pressure 
(78) 
being applied on the extremities and abdomen. Warfield 
claims that although bandages on the legs were originally 
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considered empirical treatment, he wa.s shown by Woleheim 
that one could increase the circulating blood volume mark-
edly by this procedure. In any severe case of shock Fantus 
(27) 
and Seed claim that autotransfusion--bandaging limbs 
after raising each in turn for a few minutes~-may be of 
(56) 
value. Moon points out that other apparatii (elastic 
. binders, pneumatic· jack~t} have been devised in a~ effort 
to raise the venous pl'essure artificially. r.rhese sugges-
tions recognize the factor of low venous pressure and at-
tempt to raise it by external pressure. But they do not 
take into account the fact that blood is not pooled in the 
veins but in the capillaries. Further, external pressure 
if applied to the abdomen has the disadvantage of hindering 
respiration. 
Using Henderson's theory of shock for a basis, a 
new suggestion has arisen in the treatment of shock. 
{37) 
Henderson believes that shock is a result of failure 
of the venous circulation. The capillaries are the venous 
reservoirs and when each muscle contracts it squeezes some 
of the blood from its capillaries into the vein and on to-
wards the heart. Thus, failure of the circulation in shock 
is due to diminution of general body tonus with stagnation 
of blood not in the large veins but in the flaccid tissues. 
(62) 
Ornstein et al worked out a technic in which 
wide electrodes of toweling soaked in physiological saline 
77. 
were applied around various muscular parts of the body. 
Faradic current, passing through these electrodes, was 
used to stimulate the voluntary muscles of the patient. 
In normal persons this resulted in a distinct increase 
of venous pressure, and, in turn, an increase in the re~ 
turn of blood to the heart. As yet,.only a··few cases of 
serious circulatory depression have been treated by this 
method, but the results were equally successful. In their 
report they speak of the danger of spar.king. Farad~ c. cur-
rent in operating rooms in.t}1e presence of various in-
flammable gas anesthetics. They conclude from their pre-
liminary observations that this method of raising venous 
pressure may be of help in: the treatment of surgical or 
traumatic shock. 
It would appear that measures taken to improve 
the venous return of blood in secondary shock are o~ly 
slightly effectlve. The routine procedure of placing a 
shocked person in the Trendelenberg position is probably 
the most valuable of the procedures mentioned. Mechanical 
aids to combat the effects of low venous pressure are, as 
a whole, of doubtful value. 
Adrenals: 
Reports on the use of the adrenal cortical hor-
mone have been quite contradictory. Our knowledge of the 
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subject is as yet somewhat scanty. The hormone appears to 
exercise some effect over capillary permeability and tone 
as well as· to aid in the salt balance of the body. A great 
deal of work, experimental and clinical, has ·been carried 
out in this field. It is not within the scope of this pa-
per to present a detailed survey of tbe field of adrenal 
endeavor. A few reports will suffice. Fuller discussions 
' (32) 
and reviews may be found :in the .works of Harkins , 
(56) (69) 
Moon , and S.cudder 
In the field of animal experimentation the work of 
(70) 
Sely~ ~ al is of interest. Some of their earlier work 
led them to conclude that i~creased cortin production 
played an important role in shock resistance. Furt.her, 
they realized the ~igns and .symptoms of shock are at least 
in ·part due to adrenal insufficiency. In this report they 
found that large doses of cortin, administered to rats in 
which damage was produced by diverse means, were highly ef-
fective in counteracting shock. Pre-treatment with a_single 
large dose of cortin.was found to be less effective than the 
same quantity administered in many doses. The crystalline 
cortical compound desoxycorticosterone was found to have 
little effect, but in an addendum they report that further 
experiments have proven that corticosterone is the most 
active steroid so far examined. 
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{38) 
Heuer and Andrus , working on dogs, found that 
administration of adrenal cortical extract simultaneously 
with transfusion had a markedly beneficial and even strik-
ing effect in eventually raising the blood pressure to 
nearly the normal level and maintaining it, in restoring 
the plasma volume and preventing the subsequent loss of the 
fluid, and therein prolonging life. 
rl1he experimental evidence in support of the ration-
ale of adrenal cortical treatment in shock is summarized 
{56) 
·in a rather non-committal way by Moon "Certain it is 
that there are striking analogies between the low resistance 
to various injurious agents, the ease with which circulatory 
failure of the shock type may be initiated, the finding of 
thymic and lymphoid hyperplasia and the depleted amount of 
.cortical substance present in Addison's disease, in status 
lymphaticus and in experimental adrenal insufficiency." 
Although there has been a great deal of evidence 
accumulating in the experimental laboratories concerning 
the value of cortical therapy in both the prevention and 
treatment of shock, it must be admitted that these are less 
convincing reports concerning the clinical appli6ation of 
this work. 
(19) 
For example, Corrado reports the use of the 
hormone preoperatively in 33 patients undergoing major 
80. 
surgical procedures. He found that these patients withstood 
the stresses of anesthesia and operation much better than 
the patients not so· treated.. Blood pressure, pulse rate, and 
plasma volume showed much less fluctuation than in the con-
trol patients. He stressed the value of preoperative pro-
phylaxis with the hormone, rather than attempted heroic treat-
ment with large amounts.of injectable extract after shock 
was present. 
(42) 
On the other hand, Keating et al , in a recent 
report as to the effect'of the preoperative administration 
of desoxycorticosterone in patients undergoing extensive 
surgical procedures, concluded ·that they had no evidence for 
the hypothesis that shock, as it is encountered among sur-
gical patients, is associated with acute adrenal cortical 
insufficiency, and they do not support the assumption that 
the preoperative administration of desoxycorticosterone 
acetate will prevent the appearance of surgical shock. 
( 2) 
Besser likewise found little value in the pre-
operative use of this extract in the prevention of shock. 
He suggested the possibility that if desoxycorticosterone 
is not effective in preventing shock, possibly the more ac-
tive steroid, corticosterone, might prove of value. Besser 
wisely points out that it is exceedingly difficult to de-
termine the value of any therapeutic measure in preventing 
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shock associated with clinical operative procedures, ·as the 
various factors producing shock vary markedly from case to 
case. Likewise, the resistance of the patient varies tre-
mendously--dependent upon states of dehydration, nutrition, 
anemia, etc. 
It may be concluded that although some of the re-
sults in the use of cortical hormone have been encouraging, 
there is no clear-cut evidence that it is of vital thera-
peutic value in the treatment of secondary shock--except in 
those cases in which the adrenal cortex is clearly deficient. 
The work is really still in the experimental stage and al-
though there have. been many promising reports, further in-
vestigation must be done with both natural extracts and syn-
thetic compounds before the work can be fully evaluated. 
General measures: 
There are certain general measures that are impor-
tant in the treatment of any disease or abnormal condition. 
These include: rest, quiet, and reassurance. In regard 
"'"TST} 
to rest, McDowall has pointed out that any muscular ex-
ercise, besides increasing metabolism, brings about a dila-
tation of the vessels in the muscles where the activity 
(6) 
takes place. Blalock has wisely warned that overtreat-
ment may be a reality in some instances. 
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The administration of' an anesthetic to a shocked 
person requires special care. The current Medical Research 
(55) 
Coun.cil (British) report includes the following recom-
mendations: "To induce anesthesia,' gas and oxygen, combined 
with ether if necess~ry, is the anesthetic mixture of 
choice, provided that a skilled anesthetist with the neces-
sary apparatus is available; otherwise, ether alone should 
be used. Care mu.st be taken to see that cyanosis is not 
allowed to develop. Chloroform or spinal anesthesia should 
not be employed. " (61) 
Pearl Harbor 
Reports on air-raid casualties both from 
(30) 
and England indicate that the gas-
oxygen-ether sequence is both safe and satisfactory. It 
should be emphasized that in inhalation anesthesia a mixture 
containing a high percentage of oxygen must be employed. 
Deep anesthesia should be avoided. 
Immediate and complete suppression of' trauma is of 
such importance that it has been included under the preven-
tive measures of shock therapy. The Medical Research Coun-
(55) 
cil report states that: "Infected tissue should be 
removed promptly by debridement, drainage or even amputa-
tion, and chemotherapeutic and other treatment designed to 
limit the infection should be given.'' 
Such special injuries as open wounds of the chest 
must be closed immediately, even though nothing more than 
skin sutures be used. 
~· 
• ! 
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The measures suggested for the prevention of shock 
(pages 30 to 32) will serve as a review of the general 
principles that are important in the care of shocked indi-
viduals. 
Shock as associated with burns: 
A complete discussion of the treatment of burns, 
particularly the severe burns that are encountered so fre-
quently in today's war-torn world, merits a paper of its 
own. The author feels that such detailed discussion is not 
within the scope of this paper. Because of the close asso-
ciation between severe burns, with resulting disturbance of 
fluid balance, and possible shock, it seems advisable to 
include here just a brief section. 
The principles of treatment of burns are the same 
as for wound shock. Before local treatment of the burn 
itself is begun, the blood pressure should be restored to 
normal level by intravenous administration of citrated plas-
ma, serum or whole blood. 
The London Correspondent of the Journal of the (49} - --
American Medical Association has reported first-hand 
information on the treatment of incipient shock associated 
with war burns, taken from a discussion at the Royal So-
ciety of Medicine. Parts of this letter are quoted below: 
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" •••• war burns differed from those of civilian life 
in that they might not be treated for many hours or 
even days. On a warship only first aid treatment 
ooul.d be given in the majority of cases. Most of 
the burns involved the face and hands and were due 
to gun flash, bomb flash, incendiary bombs or gaso-
line. First aid treatment consisted in morphine, 
warmth .and flUid to counteract shock. If this was 
marked, plasma transfusion was given. Secondary 
shock occurred some hours after the bUrn and ac-
counted for 80 per cent of the deaths·. ·rhe most 
important factor in it was the loss of plasma from 
the burned surface. The blood might be so concen-
trated that the hemoglobin rose to 140 per cent. 
The best treatment was to replace the plasma pro-
tein. Given intravenously, plasma raised the os-
motic pressure sufficient to restore the normal dis-
tribution of fluid between the vascular and inter-
stitial components. Whole blood transfusion and 
intravenous physiologic solution of sodium chloride 
or sterile water were contraindicated. The amount 
of plasma necessary must be estimated by frequent 
blood examinations.· 
" •••• Local treatment should not be given in the 
presence of shock •••• In the hospitals the treatment 
of shock was instituted, and plasma banks and dried 
plasma were playing an important part. Oxygen ad-
ministration was helpful. After the shock had been 
treated the patient was taken to a warm room and 
anesthetized w.ith gas and oxygen. The burned area 
was thoroughly· cleansed with saline solution, dried 
•••• and triple dye •••• sprayed on the surface." 
\ 
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SUMMARY 
1. Shock h.~~ been dsfined 2nd its clinj_c::>l fe . .,tures ho_ve 
been described. 
2. Prim'"'.ry shock is cHfferenti,ted from seconde.ry shock on 
the bRAis th~t the former rssults from ~ sudden losn of 
vc:womotor tonus with 8. conssr;uent generalized lJSrj_<Jher.::>l 
vasoconstriction: the latter is ~ slowly progressive 
't')eri-oheral circul~J>tory failure. 
I.1echani sm 
3. The mechc:mis:m of shock has bee;: discussed on the bPsis 
of initiRtin~, co~tributins, sust2inins ~nd precioit~­
tins fGctors. 
4. t~ll instP_nces of s~ock c>re not e;~nlain.?.blG b" one theory 
and such .::tt<3mnts re~rt.llt only in confu.cion. 
5. Ther3 are a. mnl ti tude of factors, workin:; in vitJj_ouc 
circleR, which make for the nrorression of shock ones 
it l>r:>.s develoned. The princip&t factors in this c=rc1e 
,_.,.,_ve been -:;resented in a diagram. 
6. The most fundamental .abnormality in sroclr., rez2rdless 
of its c~use, is a dispronortior in the size of the vas-
C1JlPr system onr1_ its contents. '!'1-lis clisDR.ri ty may be 
due to fl. lo::w of fluid from the circulr>tion or to 2.n un-
comD"ms:JteC! increc.;se in the size of the ~resculP_r system, 
or both. 
7. Shock hPR be~'m clr>osified from a nhysiolo,~j8 view1Joint 
und3r the hsR.dincs of hemato':·enic, vasogenic, ..,nd neuro-
genic types. 
Early d:'Lagnosis 
8. 'The eP.rly di8.cnosis of shock, before the usual clinic.?.l 
signs anoear, is essential if trentment j_s to be suc-
cessful. 
9. The diasnosi s of j_nci n!ent s'hocl<:- i .s denendent upon no 
singls test, but unon a careful study of the po.tient as 
a Vihole couplen with an evaluation of ,9_ few sim't')le lab-
oretory procedures. 
10. The rela.ti ve values of ht:>moconc :;rtrr,tion nnd blood pres-
sure findinhs have been discussed in det,<>il. In shock 
uncomDlicated by hemorrha"ge the deg-ree of hemoconcentro.-
tion is a va.l'-~able siz:n. In emergency work v:here many 
ce_SU"'l ties must be treR ted in a short time, blood ures-
sure re3dings hP_ve been found to be of so!Tle value. 
\ 
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Tre:ttment 
11. In the tr~atrner:t of shock all effort must be dir~~t<:Jd 
towar<frs preventlng or removins:r its c~uso., rond +.ow.!'1.rds 
counteracting its effects. 
12. Tr~atment, to be effective, rrust nrecede the develop-
ment of the clinical manifesto+ions of shock. O~e must 
cmticine.te the 00m:Jlice.ted int8r"Jla" of "':en'."! i3s whose 
combined eff8c+s may culminate in irr8versible circula-
tory fC'ilur"'l. 
13. Preventetive r..re:;psures EJPDlicable to shock from v1ounds 
"nd from surser:v haV8 been listed. 
14. Restora.tion of th'3 circulatin?; blood volum'3 is the pri-
mary objective in the treatment of shock, regardless of 
its cc.use. All other forms of ther:=>··w should bG consid-
ered F1S but r~d.Juvant mePsures. · 
15. \'Teter, or saline, iR of value in th-"l prevention of de-
hydration. 
16. The relative merits of whole blood, so,rum, '"'1'ld 'Jlasma 
have been discussed. 
17. Human plasma e-1J~ea.rs to be the flu iC!. of choice for rAs-
toration of the deficient blood volume, eve~ in shock 
from pure hemorrha.;::e. 
18. The advantages of blood concentrate" hp·_-e been stressed. 
19. In plasma transfusions freouent simDle hematolocicsl 
determinations, used in correlation with blood pressur'3 
readings, are of' v2lue in efltimatin;_:: the 2..dequacy of 
treettment. 
20. Infusions of crystalloidal solutions increase the blood 
volume only transiently, and m!ly eventua.lly eause its 
reduction. Their chief VB.lue lies in the treetment of 
dehydration. 
21. The nc:mgers ace om'JPnyine: the us s of aca.c iP a.s a blood 
substitute h2ve been discussed. Its us~ should be re-
served as .!1, le.st resort when transfusion is not -9.vail-
able. 
22. The relr,_ti ve 8.dvent;:: ,:_:es E!lld dis~ dventEJc;es of other 
blood substitutes ho:re been discussed. '!'hes e include: 
asci tic fluid, bovine ple sma, isinglgs s, gel::: tin, 2.nd 
pee tin. The use of these !'lUbs ti tui-, -::;p. 1 s "till in the 
exuerimental stage. 
23. The rationale. of various forms of drug therR.'JY in shock 
hPve been discussed: 
n .• morphine is of value because of its depressant 
oualities 
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b. vasoconstrictor drugs are useless s.nd may prove 
harmful 
c. stimul.snts 8.re contraindice.ted in shock because 
they increase reflex nctivity 
d. the use of a.llw.li seems needless; 
24. The im'Jortnnc e of mB.int"" ininc: body beet in a shocked 
person has been stressed. Po~ever, excess external 
hec<.t should be avoided as it CC?.uses "1 .. reflex neriDheral 
vasodilitation with further impairment of circulation 
to vi t-"'l ore.; ens. 
25. Inhc.l£ction of high cone entrations of oxygen, if given 
early, may be P valuable theraneutic mersure. 
26. Attemots to improve venous return are, wit~ the excep-
tion of the Treno.elenberg posit ion, 'Jf cor:;ewhat dolJ.bt-
ful value. 
27. Trw use of adrenal corticr: 1 hormone therapy may be of 
contributory value. More v:ork must be done before 
proper evaluation nf this acent can be made. 
28. Certain routine general measures that are D"rticularly 
f'>Dnlica.hl8 to the care of shocked -,~erson8 ':avr:> been 
briefly discussed. 
29. The im·nort2nc e of earl3r r'3s torr' U. nn of flu:i d bal~nc e 
in severe ~1rn c~ses has been emph~sized. 
" ' 
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